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SECTION  1 


INTRODUCTION 
C.  S.  Qodin 

Polychlorotrif luoroethylene  (pCTFE),  a  candidate  hydraulic  fluid  used  in 
Department  of  Defense  advanced  weapon  systems,  is  a  perhalogenated  mixture  of 
primarily  6-  and  8-carbon  oligomers  of  chlorotrifluoroethylene  (CT7E)  that  are 
referred  to  as  CTFE  trimer  and  CTFE  tetramer,  respectively. 

Subchronic  inhalation  exposure  of  pCTFE  to  rats  caused  an  increase  in 
both  relative  liver  weight  and  hepatocytic  peroxisomes  (Klnkead  et  al.,  1990). 
The  administration  of  pCTFE  by  oral  gavage  to  rats  for  14  days  resulted  in 
similar  effects  as  well  as  an  increase  in  the  rate  of  peroxisomal  J3-oxidation 
of  palmitoyl  coenzyme  A  (CoA) (DelRaso  et  al.,  submitted).  The  administration 
of  CTFE  trimer  by  oral  gavage  for  14  days  in  the  same  study  caused  a 
significant  increase  in  relative  liver  weight  but  did  not  cause  a  significant 
increase  in  /3-oxidation;  CTFE  tetramer  produced  a  significant  increase  in  both 
parameters.  In  another  study,  the  fatty  acid  metabolite  of  CTFE  trimer,  CTFE 
trimer  acid,  was  administered  weekly  by  oral  gavage  for  3,6,9,  or  12  months 
and  caused  a  significant  increase  in  8-oxidation  at  the  three  month  timepoint 
only  but  no  significant  increase  in  relative  liver  weight;  concurrent 
administration  of  CTFE  tetramer  acid  to  separate  groups  of  animals  caused  a 
significant  increase  in  both  parameters  that  was  manifested  after  three  months 
of  weekly  dosing  (Kinkead  et  al.,  1991). 

Many  compounds  cause  an  increase  in  hepatocytic  peroxisomes  and  many  are 
structural  analogs  of  the  hypolipidemic  agent,  clofibrate  (Lalwani  et  al., 
1983).  However,  numerous  industrial  chemicals  such  as  phthalate  ester 
plasticizers  and  phenoxy  acid  herbicides  (Reddy  et  al.,  1976;  Kawashima  et 
al.,  1984)  can  also  induce  this  effect.  Recently  perf luoro-n-decanoic  acid,  a 
perf luorinated  fatty  acid,  was  shown  to  cause  hepatomegaly,  peroxisomal 
proliferation,  and  an  increase  in  the  activity  of  the  peroxisomal  enzyme, 
fatty  acyl-CoA  oxidase  (Olson  et  al.,  1982;  Van  Rafelghem,  1985;  Harrison  et 
al.,  1988).  Therefore,  perhalogenated  fatty  acids  represent  ?  new  class  of 
peroxisome  proliferators . 

Peroxisome  proliferation  has  been  correlated  with  hepatocarcinogenic 
potency  (Reddy  et  al.,  1980;  Elcombe,  1985)  and  CTFE  trimer  acid  has  been 
shown  to  act  as  a  tumor  promoter  (Godin  et  al.,  1990).  It  has  been  suggested 
that  peroxisome  proliferators  promote  tumor  formation  by  inducing  oxidative 
stress  (Reddy  and  Lalwani,  1983;  Reddy  and  Rao,  1987;  Rao  and  Reddy,  1987)  or 
by  providing  a  mitogenic  stimulus  (NTP,  1982;  Ciriolo  et  al.,  1982;  Ward  et 
al.,  1984;  Marsman  et  al.,  1988).  A  mitogenic  stimulus  causes  an  increase  in 
the  amount  of  S-phase  DNA  synthesis  and  ultimately  results  in  hepatomegaly. 
Oral  administration  of  pCTFE  has  resulted  in  a  ■2-l;old  increase  in  the  amount 
of  DNA  per  gram  of  liver  (Godin,  unpublished  observation),  and  hepatomegaly 
has  been  reported  following  inhalation  exposures  and  oral  dosing  with  pCTFE 
oligomers  and  CTFE  tetramer  acid  as  previously  discussed;  CTFE  trimer  acid  has 
not  been  shown  to  cause  hepatomegaly. 

While  peroxisome  proliferation  has  been  correlated  with  hepatocarcino¬ 
genic  potency  peroxisome  proliferators  as  a  class  have  not  been  shown  to  be 
genotoxic  (Warren  et  al.,  1980;  Gupta  et  al.,  1985).  Because  CTFE  trimer  acid 
is  a  member  of  this  new  class  of  peroxisome  proliferators,  and  to  more  fully 
evaluate  the  potential  human  health  hazards  of  these  compounds,  in  vitro  and 
in  vivo  tests  were  conducted  to  determine  their  genotoxic  potential. 
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SECTION  2 


cm  TRIMER  ACXO  OENOTOXICITY  SUMMARY  EVALUATION 

B.  Myhr 

The  compound,  CTFE  trimer  acid,  was  tested  for  potential  genotoxic 
activity  by  application  to  several  in  vitro  assays,  as  described  below,  and  to 
a  sensitive  in  vivo  assay  for  DNA  damage  and  cytotoxicity  in  the  liver.  The 
substance  was  a  clear,  colorless,  slightly  viscous  liquid  that  was  found  to  be 
soluble  in  dimethylsulfoxide  (DMSO)  at  concentrations  at  least  as  high  as  500 
mg/mL.  Solutions  were  prepared  in  DHSO  just  prior  to  use  in  each  in  vitro 
assay.  Glass  containers  and  pipets  were  used,  and  the  treatments  of  mammalian 
cells  in  vitro  were  conducted  in  glass  flasks.  After  dilution  of  the  stock 
solutions  into  culture  medium,  complete  solubility  was  maintained  to  at  least 
1670  pig/mL;  precipitation  was  noted  at  5020  pg/mL.  For  the  in  vivo  study, 

CTFE  trimer  acid  was  solubilized  in  corn  oil  and  administered  by  oral  gavage. 

The  Ames  Salmonella  reverse  mutation  assay  was  performed  by  the 
preincubati'n  method  in  order  co  maximize  the  interaction  between  the  bacteria 
and  CTFE  trimer  acid.  Strains  TA98,  TAIOO,  TA1535,  TA1537,  and  TA1538  were 
used  in  the  presence  and  absence  of  a  rat  liver  S9  metabolic  activation  system 
(Aroclor  1254-induced) .  CTFE  trimer  acid  became  slightly  toxic  at  a 
concentration  of  3330  /ig/plate,  with  or  without  S9,  yet  the  toxicity  did  not 
become  exceserve  at  the  maximum  applied  concentration  of  10,000  pg/plate.  A 
dose  range  of  250  pg/plate  to  10,000  /ig/plate  was  assayed  for  the  induction  of 
revertants.  No  increases  in  revertants  were  obtained,  so  CTFE  trimer  acid 
showed  no  detectable  mutagenic  activity  in  this  bacterial  system. 

In  mammalian  cell  culture,  CTFE  trimer  acid  was  tested  for  mu'.ngenic 
activity  at  the  HGPRT  locus  in  CHO  cells.  Atrer  a  4-h  exposure  per.  xl, 
significant  toxicity  was  obtained  at  the  hig’  ast  applied  dose  of  lOOu  pg/mL; 
with  addition  of  S9,  however,  the  1000  fjg/mL  treatment  was  lethal.  The 
mutation  assay  performed  without  S9  over  a  concentration  r^nge  of  50  to 
1000  i^g/mL  yielded  a  survival  range  of  55  to  123%  and  no  significant  increase 
in  mutant  freq'uency.  With  S9,  the  high  dose  was  reduced  to  80C  fjg/mL,  which 
yielded  26%  survival;  again,  no  increase  in  mutant  frequency  was  observed. 
Therefore,  CTFE  trimer  acid  was  toxic  to  cultured  CHO  cells  but  did  not  induce 
any  detectabl^s  mutagenesis  at  the  HGPRT  locur 

CHO  cells  were  also  examined  for  cytog  letic  damage  in  assays  for 
chromosomal  aberrations  and  sister  chromatid  exchanges  (SCE)  after  treatment 
with  CTFE  trimer  acid  Tn  the  absence  of  S9,  CTFE  trimer  acid  was  lethal  at  a 
concentration  of  1670  ;ig/mL  and  caused  substantial  cell  cycle  delay 
(indicating  toxicity)  at  167  ana  502  fjg/mL.  Accordingly,  a  dose  range  of  5  to 
167  ;ig/mL  was  analyzed  for  SCO.  No  significant  inczease  was  observed,  and  too 
few  metaphase  cells  were  available  at  the  next  highest  dose  of  502  fjg/mL  tj 
allow  an  analysis.  A  delayed  harvest  time  of  20  h  was  used  for  the  chromosome 
aberrations  assay  in  order  to  compensate  for  the  toxicity.  Over  the  assayed 
dose  range  of  254  to  1010  pg/mL,  no  induction  of  chromosomal  aberration  was 
observed.  With  2-h  treatments  in  the  presence  of  S9,  lethality  was  observed 
at  a  concentration  of  5020  ;ig/mL,  and  only  slight  cell  cycle  delay  occurred  at 
1670  pig/mL.  No  significant  increase  in  SCE  was  obtained  for  an  assayed  dose 
range  of  50  to  1670  ^ig/mL.  A  normal  harvest  time  of  IC  h  was  used  for  the 
chromosome  aberrations  assay  over  a  dose  range  of  374  to  2490  pg/mL.  No 
increase  in  aberrations  was  observed,  excspt  for  the  2490  pg/mL  treatment, 
which  was  excessively  toxic.  Due  to  this  toxicity  and  the  absence  of  any 


dose-related  effect,  CTFE  trimer  c.cld  was  evaluated  as  nonclastogenic  with  S9. 
Thus,  cytogenetic  damage  was  not  induced  by  CTFE  trimer  acid  in  cultured  CHO 
colls  in  the  absence  or  prei.ance  of  S9. 

An  in  vivo  asseasment  of  genetic  activity  was  performed  by  dosing  male 
F-344  rats  with  four  doses  of  CTFE  trimer  acid  ranging  from  i4.8  mg/kg  t'-  198 
mg/kg.  After  single  oral  administrations,  primary  hepatocyte  cultures  were 
established  to  determine  the  degree  of  DNA  repair  (unscheduled  DMA  synthesis, 
UDS)  and  DNA  replication  (S-phase)  by  labeling  with  '*H-thymldine,  followed  by 
autoradiographic  analysis.  The  cultures  were  prepared  approx ’ -.lately  16  h 
after  treatment  of  the  animals  for  the  UDS  analysis  and  47-48  h  after 
treatment  of  additional  animals  for  S-phase  analysis.  None  of  the  treatments 
caused  any  increase  in  nuclear  labeling  or  the  percent  of  cells  in  DNA  repair 
relative  to  the  control  rata.  Therefore,  CTFE  trimer  acid  did  not  induce  any 
detectable  UDS.  However,  evidence  for  liver  toxicity  was  obtained  from  the 
S-phase  analysis.  At  the  standard  assay  time  of  approximately  48  h,  no 
increase  in  S-phaso  cells  was  observed,  but  the  16-h  cultures  prepared  for  UDS 
analysis  did  show  S-phase  induction.  Small,  but  significant,  dose-related 
increases  occurred  for  all  treatments  except  for  the  low  dose  of  24.8  mg/kg. 

At  a  dose  of  198  mg/kg,  an  average  of  2.2%  of  the  cells  were  in  S-phase, 
compared  to  an  average  value  of  0.2%  in  the  control  rats.  This  increase  in 
hepatocyte  replication  indicated  a  rapid  response  to  hepatotoxicity  caused  by 
the  CTFE  trimer  acid  treatments. 

CTFE  trimer  acid  was  assayed  for  its  ability  to  induce  morphological 
transformation  in  vitro  in  cultures  of  mouse  BALB/C-3T3  cells,  both  in  the 
presence  and  absence  of  a  rat  liver  S9  metabolic  activation  system.  The 
treatment  periods  were  2  h  with  S9  and  72  h  without  S9,  and  two  independent 
trials  were  conducted  under  each  test  condition.  The  treatments  in  the 
presence  of  S9  resulted  in  less  toxicity,  as  measured  by  the  clonal  survivals 
of  ouabain-resistant  cells  in  the  presence  of  the  wildtype  monolayer  cultures. 
Without  S9,  no  response  was  obtained  for  a  dose  range  of  100  to  700  ^g/mL, 
which  yielded  a  survival  range  of  47  to  9S%.  The  dose  range  was  adjuatsd  to 
200  to  800  pg/mL  for  the  repeat  trial,  which  yielded  a  survival  range  of  11  to 
93%.  This  trial  was  also  evaluated  as  negative.  With  addition  of  39,  both 
trials  were  conducted  over  a  dose  range  of  500  to  2000  ^g/mL,  which  caused 
survivals  ranging  from  6  to  108%.  Doae-rslated  responses  were  not  obtained, 
and  both  trials  were  evaluated  as  negative.  Therefore,  no  evidence  was 
obtained  for  transforming  activity  in  vitro  by  CTFE  trimer  acid. 

The  results  of  the  above  genetic  tests  indicated  that  CTFE  trimer  acid 
does  not  interact  with  genetic  material.  No  responses  were  obtained  for  any 
of  the  in  vitro  genetic  endpoints  tested,  using  CTFE  trimer  acid  treatments 
over  a  wide  toxicity  range.  Furthermore,  no  response  was  observed  in  vivo 
from  the  rat  liver  UDS  study.  The  rat  liver  study  did  indicate  the  rapid 
onset  of  a  low-level  hepatotoxicity.  Thus,  the  results  of  the  genetic  test 
battery  vould  predict  no  genetic  risk  f-om  exposures  to  CTFE  trimer  acid,  but 
slight  physiological  stress  to  the  liver  could  occur  upon  ingestion  of  the 
compound . 
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nCTlON  3 

MUTAOENZCZTr  TEST  OM  CTFE  TRZHER  ACZD  ZN  THE 
SALMONELLA/ KSVEHSB  MUTATZON  ASSAY  (AMES  TEST) 
PRZZncUBATZON  METHOD 

T.S.  Z^wlor 


ZMTROOUCTZON 

The  mutagenic  activity  of  chlorotrif luoroethylene  (CTFE)  trimer  acid  was 
examined  in  the  Saimoneiia/Reverse  Mutation  Assay  (Ames  Test),  Preincubation 
Method.  This  assay  evaluated  the  test  article  and/or  its  metabolites  for  | 

their  ability  to  induce  reverse  mutations  at  the  histidine  locus  in  the  genome 
of  specific  Salmonella  typhimurium  tester  strains  both  in  the  presence  and 
absence  of  an  exogenous  metabolic  activation  system  of  mammalian  microsomal 
enzymes  derived  from  Aroclor-induced  rat  liver. 

The  Ames  Teat  detects  both  frameahift  and/or  base  pair  substitution 
point  mutations  in  bacteria  and  has  been  ahown  to  be  a  sensitive,  rapid,  end 
accurate  indicator  of  the  mutagenic  activity  of  many  materials  including  a 
wide  range  of  chemical  classes.  Both  base  pair  substitution  mutations  and 
frameahift  mutations  can  be  detected  by  utilizing  several  different  tester 
strains.  Tester  strains  TA98,  TA1537,  and  TA1538  are  reverted  from  histidine 
dependence  (auxotrophy)  to  histidine  independence  (prototrophy)  by  frameahift 
mutagens,  TA1535  is  reverted  by  base  substitution  mutagens  and  TAIOO  is 
reverted  by  mutagens  which  cause  both  frameshifts  and  base  substitutions. 

The  strains  of  Salmonella  typhimurium  used  in  this  assay  were  all 
histidine  auxotroohs  by  virtue  of  conditionally  lethal  mutations  in  their 
histidine  operon.  When  these  histidine-dependent  cells  (hie-)  were  exposed  to 
the  teat  article  and  grown  under  selective  conditions  (the  use  of  minimal 
media  with  a  trace  amount  of  histidine)  only  those  cells  that  reverted  to 
histidine  independence  (hia*)  were  able  to  form  colonies.  The  trace  amount  of 
histidine  in  the  media  permitted  the  plated  bacteria  to  undergo  a  few  cell 
divisions  that  are  essential  for  the  full  expression  of  mutagenesis.  The  hia* 
revertants  were  readily  discernible  as  colonies  against  the  limited  background 
growth  of  the  hia-  cells. 

MATEAZA1.S  AMO  METHODS 

The  experimental  materials,  methods,  and  procedures  were  based  on  those 
described  by  Ames  et  al.  (1975)  and  Yahagl  et  al.  (1975). 

Media  and  Reagents 

Top  Agar  for  Selection  of  Histidine  Aevertantat  Minimal  top  agar  was 
prepared  with  0.7%  agar  (w/v)  and  0.5%  NaCl  (w/v).  The  agar  was  sterilized  by 
autoclaving,  distributed  into  sterile  bottles,  and  stored  at  room  temperature 
prior  to  use.  Immediately  before  use  in  the  mutagenicity  assay,  the  top  agar 
was  melted  and  supplemented  with  a  sterile  solution  containing  0.5  mM  a 

L-histidtne  and  0.5  mM  D-biotin  (10%  v/v). 

Minimal  Bottom  Agart  The  bottom  agar  was  Voqel-Bonner  minimal  medium  E 
(Vogel  and  Bonner,  1956),  supplemented  with  0.2%  (w/v)  glucose. 

Nutrient  Brothi  The  nutrient  broth  used  for  growing  overnight  cultures 
of  the  tester  strains  was  Vogel-Bonner  salt  solution  supplemented  with  2.5% 

(w/v)  Oxoid  Nutrient  Broth  No.  2  (dry  powder). 
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Bxoganous  Natabolic  Activation 

Livmr  Micromomal  BntymmM  -  39  Homogenaft  Tha  S9  livar  homoganate  was 
praparad  from  mala  Spragua-Dawlay  rat''  tnat  had  been  injected  intraperito- 
neally  (ip)  with  Aroclor  1254  (500  mg/kg)  five  daya  prior  to  preparation  of 
tha  homoganata  and  waa  purchased  from  Molecular  Toxicology,  Inc.  The  S9 
homogenate  waa  characterised  for  ita  ability  to  metabolize  aelected 
promutagena  to  their  mutagenic  forma  in  the  Amea  Teat  aa  described  by  deSerrea 
and  Shelby  (1979). 

39  Maction  Mixturmi  A  mixture  of  S9  homogenate  and  cofactora  waa 
prepared  immediately  before  uae  in  those  assays  that  required  metabolic 
activation.  One  mL  of  this  reaction  mixture  contained  the  following 
components i 


HjO 

0.70 

ml. 

l.OOM  NaHjPO^/MSjHPO^,  pH  7.4 

0.10 

mL 

0.2SK  Olucose-6-phosphate 

0.02 

mL 

O.IOM  NAOP 

0.04 

mL 

0.2M  KgCl2/0.825H  KCl 

0.04 

mL 

89  Homogenate 

0.10 

mL 

Teat  System 

raster  3trainMi  The  tester  strains  employed  were  the  3almoiiaJ la 
tyrshimurium  histidine  auxotropha  TA98,  TAIOO,  TA1535,  TA1537,  and  TA1538. 
Frozen  permanent  stocks  of  each  tester  strain  were  prepared  by  growing  fresh 
overnight  cultures,  adding  DMSO  ( 0 . 09ml,/irt,  of  culture),  and  freezing  1.5  ml. 
aliquots  at  S  -70*C.  The  description  of  the  taster  strains  that  follows  is 
baaed  on  that  provided  by  Ames  et  al.  (1975). 

In  addition  to  a  mutation  in  the  histidine  operon  discussed  in  the 
introduction,  all  strains  contained  two  additional  mutations  that  enhanced 
their  sensitivity  to  some  mutagenic  compounds.  The  rfa  wall  mutation  results 
in  the  lose  of  one  of  the  enzymes  responsible  for  the  synthesis  of  part  of  the 
llpopolysaccharide  barrier  of  the  bacterial  cell  wall.  Tha  resulting  cell 
wall  deficiency  increases  permeability  to  certain  classes  of  chemicals  such  as 
those  containing  large  ring  syctcms  (i.e.  benzo( a) pyrene)  that  would  otherwise 
be  excluded  by  a  normal  intact  cell  wall.  The  second  mutation,  a  deletion  of 
the  uvrB  gone,  results  in  a  deficient  ONA  excision  repair  system  that  greatly 
enhances  the  sensitivity  of  these  strains  to  some  mutagens.  Because  the  uvrB 
deletion  extends  through  the  bio  gene,  all  strains  containing  this  deletion 
also  requlr-jd  biotin  for  growth. 

Strains  TA98  and  TAIOO  also  contained  the  R-factor  plasmid,  pKMlOl,  that 
further  increases  the  sensitivity  of  these  strains  to  some  mutagens.  The 
mechanism  by  which  this  plasmid  increases  sensitivity  to  mutagens  has  been 
suggested  to  be  by  modification  of  an  existing  bacterial  DNA  repair  polymerase 
complex  involved  with  the  mismatch-repair  procuM, 

Naatmr  Plataat  Master  plates  of  the  tester  strains  were  prepared  by 
streaking  each  strain  from  a  frozen  permanent  stock  onto  minimal  agar 
appropriately  supplemented  with  histidine  (260  *iM),  biotin  {Z  .-'M),  and  for 
strains  containing  the  R-factor,  amplcillin  (25  pg/mL) .  Tester  s'-’-ain  master 
plates  were  stored  at  6  t  4*C. 

Praparation  o(  Ovarnight  Culturasi  Overnight  cultures  were  prepared  by 
transferring  a  colony  from  the  appropriate  master  plate  -o  a  flask  containing 
culture  medium.  In  order  to  assure  that  cultures  were  harvested  in  late  log 
phase,  the  length  of  incubation  was  determined  by  spectrophotometric 
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monitoring.  Inoculated  flasks  were  placed  in  a  shaker/ incubator  that  was 
programmed  to  begin  operation  (shaking,  125  i  25  rpm;  incubation,  37  ±  2^C)  so 
that  the  overnight  cultures  were  in  log  phase  or  late  log  phase  when  turbidity 
monitoring  began.  Cultures  were  harvested  once  a  predet  mined  turbidity  was 
reached  because  overgrowth  of  cultures  can  result  in  1  is  of  sensitivity  to 
some  mutagens. 

Confirmation  of  Tenter  Strain  Genotypes:  Tester  strain  cultures  were 
checked  for  the  following  genetic  markers  on  the  day  of  their  use  in  the 
mutagenicity  assay: 

rfa  Vail  Mutation:  The  presence  of  the  rfa  wall  mutation  was  confirmed 
Dy  demonstration  of  sensitivity  to  crystal  violet.  An  aliquot  of  an 
overnight  culture  of  each  strain  was  overlaid  onto  plates  containing 
selective  media  and  an  antibiotic  sensitivity  disk  containing  10  pg  of 
crystal  violet  was  added.  Sensitivity  was  demonstrated  by  inhibition  of 
bacterial  growth  in  a  zone  immediately  surrounding  the  disk. 

pKMlOl  Plasmid  R-f actor:  The  presence  of  the  pKMlOl  .lasmid  was 
confirmed  for  tester  strains  TA98  and  TAIOO  by  demonstration  of 
resistance  to  ampicillin.  An  aliquot  of  an  overnight  culture  of  each 
strain  was  overlaid  onto  plates  containing  selective  media  and  an 
antibiotic  sensitivity  disk  containing  10  pg  of  ampicillin  was  added. 
Resistance  was  demonstrated  by  bacterial  growth  in  the  zone  immediately 
surrounding  the  disk. 

Characteristic  Humber  of  Spontaneous  Revertanta:  The  mean  number  of 
spontaneous  revertants  per  plate  in  the  vehicle  controls  that  are 
characteristic  of  the  respective  strains  was  demonstrated  by  plating  100 
pt  aliquots  of  the  culture  along  with  the  appropriate  vehicle  on 
selective  media. 

Experieental  Design 

Teat  Article  Characteristics  and  Handling:  The  CTFE  trimer  acid 
(ID#  10-86-63,  IR#  14240)  was  provided  by  the  U.S.  Air  Force.  The  clear, 
colorless,  viscous  liquid  (BP  82-85*C/10^  mmHg)  was  stored  at  room  temperature 
in  its  original  container.  DMSO  was  used  as  the  vehicle  and  the  test  article 
formed  a  solution  at  200  mg/mL  which  was  the  most  concentrated  stock  dilution 
of  teat  article  prepared.  The  test  article  remained  in  solution  at  all 
subsequent  dilutions  prepared  for  the  mutagenicity  assay. 

Dose  Rangefinding  Study:  The  dose  rangefinding  study  was  conducted 
using  tester  strain  TAIOO  both  in  the  presence  and  absence  of  S9  microsomal 
enzymes.  TAIOO  was  used  because  the  growth  inhibitory  effect  (cytotoxicity) 
of  the  test  article  on  this  strain  is  generally  representative  of  the  effect 
observed  on  the  other  tester  strains.  In  addition,  TAIOO’ s  comparatively  high 
number  of  spontaneous  revertants  per  plats  affords  the  ability  to  discern 
gradations  of  cytotoxicity  from  routine  experimental  variation.  Also,  the 
cytotoxicity  induced  by  a  teat  article  in  the  presence  of  microsomal  enzymes 
may  vary  greatly  from  that  observed  in  the  absence  of  microsomal  enzymes. 
Therefore,  this  would  require  that  different  test  article  dose  ranges  be 
tested  In  the  mutagenicity  assay  based  on  the  presence  or  absence  of  the 
microsomal  enzymes. 

Ton  doses  of  test  article  ranging  from  10  to  10,000  pg  per  plate  were 
tested.  The  assay  was  conducted  using  one  plats  per  dose  in  the  presence  and 
absence  of  S9  microsomal  enzymes.  Cytotoxicity  in  this  study  was  detectable 


as  a  decrease  in  the  number  of  revertant  colonies  per  plate  and/or  a  thinning 
or  disappearance  of  the  bacterial  background  lawn.  Routinely,  the  maximum 
dose  selected  to  be  tested  in  the  mutagenicity  assay  should  demonstrate 
cytotoxicity. 


Mutagenicity  Assayt  The  mutagenicity  assay  was  performed  using  tester 
strains  TA98,  TAIOO,  TA1535,  TA1S37,  and  TA1538  and  used  three  plates  per  dose 
in  the  presence  and  absence  of  S9  microsomal  enzymes.  Six  doses  of  the  test 
article  ranging  from  250  to  10,000  fjg  per  plate  wers  tested  along  with  the 
appropriate  vehicle  and  positive  controls.  The  doses  tested  were  selected 
based  on  the  results  of  the  dose  rangefinding  study  and  reflect  the  fact  that 
the  exposure  of  the  test  system  to  the  test  article  does  not  cease  at  the  end 
of  the  20-min  preincubation  period.  A  dose  of  10,000  fjg  per  plate  Indicates 
that  the  bacteria  are  exposed  to  a  concentration  of  15,400  pg  of  test 
article/ral.  of  preincubation  mixture  for  20  min  prior  to  being  combined  with  2 
mL  of  overlay  agar  and  being  overlaid  onto  25  mL  of  bottom  agar. 


Frequency  and  Route  of  Administration t  The  test  system  was  exposed  to 
the  test  article  via  the  preincubation  modification  of  the  Ames  Test 
originally  described  by  Yahagi  et  al.  (1975).  This  methodology  has  been  showr 
to  detect  mutagenicity  with  certain  classes  of  chemicals,  such  as  nitroseunines 
or  volatile  compounds,  that  may  not  be  detected  in  the  standard  plate 
Incorporation  method.  All  doses  of  test  article,  vehicle  controls,  and 
positive  controls  were  preincubated  and  plated  in  triplicate. 


Positive  Controlst  The  following  compounds  were  used  as  the  positive 
controlss  2-aminoanthracene  (Sigma  Chemical  Co.,  practical  grade); 

2-'nitrof luorana  (Aldrich  Chemical  Co.,  98%);  sodium  azide  (Sigma  Chemical  Co., 
practical  grade;  ICR-191  (Polysciences  Inc.,  >  95%  pure).  All  combinations  of 
positive  controls  and  taster  strains  plated  concurrently  with  the  assay  are 
listed  below. 


POSITIVE  CONTROL  AND  TESTER  STRAIN  COMBINATIONS 


Tester 

Strain 

S9  Mix 

Positive  Control 

Cone, 
per  Plate 

TA98 

+ 

2-aminoanthracene 

2.5  ijg 

TA98 

- 

2-nitrof luorene 

1.0  ijg 

TAIOO 

■f 

2-aminoanthracene 

2.5  pg 

TAIOO 

- 

sodium  azide 

2.0  fjg 

TA1535 

+ 

2-aminoanthracene 

2.5  fjg 

TA1535 

- 

sodium  azide 

2.0  ug 

rA1537 

2-aminoanthracene 

2.5 

TA1537 

- 

ICR-191 

2.0  ug 

TA1538 

+ 

2-amlnoanthracene 

2.5  fig 

TA1538 

2 -nit rof luorene 

1.0 

Vehicle  Controlss  Appropriate  vehicle  controls  wore  plated  for  all 
tester  strains  both  in  the  presence  and  absence  of  S9  microsomal  enzymes.  The 
vehicle  control  was  plated,  using  an  aliquot  of  vehicle  equal  to  the  aliquot 
of  teat  article  dilution  plated,  along  with  an  aliquot  of  the  appropriate 
tester  strain,  on  selective  agar. 
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sterility  Controls:  In  order  to  determine  the  sterility  of  the  test 
article,  the  highest  test  article  dose  tested  in  the  mutagenicity  assay  was 
checked  for  sterility  by  plating  an  aliquot  volume  equal  to  that  used  in  the 
assay  on  selective  agar.  In  order  to  determine  the  sterility  of  the  S9 
mixture  and  the  0.1  M  phosphate  buffer,  a  0.5  mL  aliquot  of  each  was  plated  on 
selective  agar. 

Plating  Procedures:  The  plating  procedures  employed  were  similar  to 
those  described  by  Ames  et  al.  (1975)  and  5fahagi  et  al.  (1975).  These 
procedures  were  employed  for  both  the  dose  rangefinding  study  and  the 
mutagenicity  assay.  Each  plate  was  labeled  with  a  code  system  that  identified 
the  test  article,  tester  strain,  test  phase,  dose,  and  activation  condition. 

The  test  article  was  diluted  and  the  S9  mixture  was  prepared  immediately 
before  their  use  in  any  experimental  procedure.  When  S9  mix  was  required,  0.5 
mL  of  S9  mix  was  added  to  13  x  100  mm  glass  culture  tubes  pre-heated  to  37  i 
2®C.  To  these  tubes  were  addad  100  pL  of  appropriate  tester  strain  and  50  pL 
of  vehicle  or  test  article  dilution.  When  S9  mix  was  not  required,  0.5  mL  of 
O.IM  phosphate  buffer  was  substituted  for  the  S9  mixture.  After  vortexing, 
the  mixture  was  allowed  to  incubate  for  20  i  2  min  at  37  i  2'’C.  Two  mL  of 
molten  selective  top  agar  were  added  to  each  tube  and  the  mixture  was  vortexed 
and  overlaid  onto  the  surtace  of  25  mL  of  minimal  bottom  agar  contained  in  a 
15  X  100  mm  petri  dish.  After  the  overlay  had  solidified,  the  plates  were 
inverted  and  incubated  for  48  i  8  h  at  37  ±  2‘’C. 

Scoring  Plates:  Plates  that  were  not  scored  immediately  after  the  48-h 
incubation  period  were  held  at  6  l  4°C  until  scoring  could  be  completed. 

The  condition  of  the  background  bacterial  lawn  was  evaluated  for 
evidence  of  cytotoxicity  caused  by  tho  teat  article  by  using  a  dissecting 
microscope.  The  cytotoxicity  was  scored  relative  to  the  vehicle  control  plate 
and  has  been  noted  along  with  the  revertant  counts  for  all  plates  at  that  dose 
on  the  data  tables  using  the  code  system  presented  in  Appendix  3-A.  In 
addition  to  the  cytotoxicity,  any  test  article  precipitate  observed  on  the 
plates  was  also  noted  at  the  appropriate  dose  on  the  data  tables,  again  using 
the  code  system  presented  in  Appendix  3-A. 

Revertant  colonies  for  a  given  tester  strain  and  activation  condition 
were  counted  either  entirely  by  automated  colony  counter  or  entirely  by  hand. 
If  the  plates  contained  sufficient  test  article  precipitate  to  interfere  with 
automated  colony  counting,  then  they  were  counted  manually. 

For  all  replicate  platings,  the  mean  number  of  revertanta  per  plate  was 
calculated  and  the  standard  deviation  around  the  mean  was  also  calculated. 

RESULTS  AKD  DISCUSSION 

Dose  Rangefinding  Study 

The  doses  of  CTFE  trimer  acid  for  testing  in  the  mutagenicity  assay  were 
selected  based  on  the  results  of  the  dose  rangef inding  study  employing  tester 
strain  TAlOO.  Ten  doses  of  test  article  ranging  from  10  to  10,000  pg  per 
plate  were  tested  and  the  results  are  presented  in  Table  3-1.  Cytotoxicity 
was  observed  at  a  dose  of  3330  pg  per  plate  and  higher  both  in  the  presence 
and  absence  of  S9  microsomal  enzymes  as  evidenced  by  the  reduced  number  of 
revertants  per  plate  and/or  the  thinning  of  the  bacterJ.al  background  lawn. 
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ZABLK  3-1.  DOSE  RANOEFIMDINO  SITIDY  FOR  CTFE  IRIMER  ACID 


XAIOO  Revertants  per  plate 

Kith 

89 

Nlttaout 

89 

Appearance  of 

Appearance  of 

Humber  of 

Background 

Nueber  of 

Background 

;ig\Plate 

Colonles/Plate 

Lam* 

Colonies/Plats 

Lam* 

0.00  (Vehicle) 

(50  mL) 

92 

1 

93 

1 

CTFE  Trimer  Acid 

10.0 

124 

1 

74 

1 

33.3 

100 

1 

67 

1 

66.7 

95 

1 

97 

1 

100 

106 

1 

77 

1 

333 

113 

1 

78 

1 

667 

119 

1 

98 

1 

1000 

127 

1 

93 

1 

3330 

100 

2 

92 

2 

6670 

88 

2 

41 

3 

10000 

59 

3 

44 

3 

*  Background  Lawn  Evaluation  Codes: 


1  ■  normal 

2  "  slightly  reduced 

3  >  moderately  reduced 
3p  -  slight  precipitate 
mp  <■  moderate  precipitate 

(requires  hand  count) 


4  ■  extremely  reduced 

5  *  absent 

6  •  obscured  by  precipitate 
hp  ■  heavy  precipitate 

(requires  hand  court) 


Mutagenicity  Assay 

The  results  of  the  dose  rangefinding  study  were  used  to  select  6  doses 
to  be  tested  in  the  mutagenicity  assay.  The  doses  selected  for  the  mutation 
assay  ranged  from  250  to  10,000  ^Jg  per  plate.  The  mutagenicity  assay  results 
for  CTFE  trimer  acid  are  presented  in  Tables  3-2  and  3-3.  All  data  were 
acceptable  and  no  positive  increase  in  the  number  of  histidine  revertants  per 
plate  was  observed  either  in  the  presence  or  absence  of  S9  microsomal  enzymes 
All  criteria  for  a  valid  study  wers  met  (See  Appendix  3-B). 

CONCLUSIOM 

The  results  of  the  Saimonei Ja/Reverse  Mutation  assay  (Ames  Test), 
Preincubation  Method,  indicated  that  under  the  conditions  of  this  study,  CTFE 
trimer  acid  did  not  cause  a  positive  increase  in  the  number  of  histidine 
revertants  per  plate  for  any  of  the  tester  strains  either  in  the  presence  or 
absence  of  S9  microsomal  enzymes  prepared  from  Aroclor-induced  rat  liver. 


XABLB  3-3 

.  INDIVIDUAL 

PLATS  COUNTS 

PKON  ANES 

ASSAT 

OF 

errs 

TKIMER 

ACID 

Dote/Plate 

1 

TAPS 

2  3 

1 

Ravertants  per  Plate 

TA100  TA1535 

2  3  12  3 

1 

TA1537 

2  3 

1 

TA1538 

2  3 

leckground 

Laun* 

HICDOSOMS:  Rat 

VEHICLE  CONTROL 

Liver 

41 

33 

30 

97 

62 

111 

16 

9 

13 

10 

9 

7 

13 

13 

27 

1 

TEST  ARTICLE 

250  ag 

31 

33 

31 

99 

101 

86 

15 

12 

9 

7 

5 

8 

17 

23 

21 

1 

500  ag 

25 

45 

40 

121 

93 

92 

5 

12 

6 

11 

8 

3 

23 

19 

20 

1 

1000  ag 

41 

25 

27 

91 

94 

89 

17 

IS 

11 

14 

11 

7 

24 

19 

17 

1 

2503  ag 

26 

19 

29 

101 

105 

105 

11 

12 

12 

7 

7 

8 

26 

27 

17 

1 

5000  ag 

25 

26 

25 

102 

84 

91 

12 

11 

5 

4 

9 

7 

18 

19 

10 

2 

10000  ag 

27 

18 

21 

85 

70 

89 

9 

12 

8 

3 

3 

5 

14 

13 

14 

2 

POSITIVE  CONTROL 

1172 

1136 

1146 

1032 

1202  1043 

155 

142 

116 

205 

193 

244 

1347  1226 

1309 

1 

NICROSOMES;  Nona 

VEHICLE  CONTROL 

14 

24 

20 

103 

103 

108 

19 

12 

15 

6 

4 

3 

21 

15 

27 

1 

TEST  ARTICLE 

250  ag 

19 

18 

24 

86 

93 

91 

16 

10 

17 

10 

4 

6 

18 

15 

12 

1 

500  ag 

18 

22 

26 

80 

86 

102 

15 

13 

10 

4 

7 

10 

16 

19 

20 

1 

1000  ag 

70 

25 

26 

104 

67 

90 

12 

16 

16 

7 

6 

6 

12 

7 

20 

1 

2500  ag 

17 

23 

20 

78 

68 

91 

14 

16 

13 

6 

8 

11 

15 

20 

17 

2 

5000  ag 

22 

14 

12 

68 

86 

65 

14 

12 

9 

3 

3 

8 

13 

14 

15 

2 

10000  ag 

13 

15 

14 

56 

47 

65 

11 

11 

4 

2 

4 

2 

11 

18 

9 

3 

POSITIVE  CONTROL 

200 

193 

186 

662 

734 

570 

467 

545 

519 

1753 

1779 

1653 

367 

422 

410 

1 

*  Backgroi^td  Ltwn  Cviluation  Codca: 

1  >  narml  2  •  tllghtty  reduced  3  >  moderitely  reduced 

4  a  extremely  reduced  5  •  efaeent  6  a  obecured  by  precipitate 

ap  a  tUght  precipitate  irp  •  moderate  precipitate  hp  a  heavy  precipitate 

(retiree  hand  coint)  (requires  hand  count) 


**  TA98  2-aminoanthraeene  2.5 
TA100  2•a«.^^oanthracene  2.5 
TA1535  2-aminoanthracene  2.3 
TA1537  2-aminoanthraeene  2.5 
TA153a  2-aminoanthraeene  2.5 


ag/plate 

*♦•  TA98 

ag/plete 

TA100 

ag/plate 

TA1535 

ag/plate 

TA1537 

ag/plate 

TA1538 

2- nitrof tuorane  1.0  xg/plata 
sodiua  azide  2.0  xg/plate 
aodiua  azide  2.0  yg/plate 
ICI)-191  2.0  xg/plste 
2-nitrof luorene  I.Oxg/plet* 
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TABLE  3-3.  SUMMARY  OP  TEST  RESULTS  POR  AMES  ASSAY  OP  CTPB  TRIMER  ACID 


H««n  Rtvartantt  per  p(*t*  with  Stand«rd  D«vfatlant 


Oost/Plat* 


T«9a 


T*100 


M15I5 


TA1537 


TA1538 


*  Background  katai  Evaluatfon  Codes; 


normal 

axtremaly  reduced 


slightly  reduced 

absent 


3  •  modarataly  reduced 
6  •  obscured  by  precipitate 


sp  a  slight  precipitate 

ng;  >  moderate  precipitate 
(requires  hand  count) 

hp 

•  heavy  precipitate 
(requires  hand  count) 

.A98 

2*6fflino«nthracene  2.5 

pg/plate 

TA98 

2-nitrof luorene 

1.0  pg/plate 

TA100 

2-8mfr>oanthracen«  2.5 

pg/plate 

TA100 

sodiua  azide 

2.0  Mg/plate 

TA1535 

2-afliinoanthraceoe  2.5 

ag/plate 

TA1535 

sodiua  azide 

2.0  Ag/plate 

TA1537 

2‘aminoanthracena  2.5 

»g/plote 

IA1537 

ICR-191 

2.0  pg/plate 

TA1538 

2*afflff>oanthracan«  2.5 

pg/plate 

TA1538 

2-nltrof luorene 

1.0  pg/plate 

Background 


Naan 

SO 

Mean 

SO 

Naan 

SO 

Mean 

SO 

Mean  SO 

Lawi* 

NICROSOMES:  Rat  Liver 

VEHICLE  CONTROL 

35 

6 

90 

25 

13 

4 

9 

2 

18  8 

1 

TEST  ARTICLE 

»0  AS 

32 

1 

95 

8 

12 

3 

7 

2 

20  3 

1 

500  AS 

37 

10 

102 

16 

8 

4 

7 

4 

21  2 

1 

1000  AS 

31 

9 

91 

3 

14 

3 

11 

4 

20  4 

1 

2500  AS 

25 

5 

104 

2 

12 

1 

7 

1 

23  6 

1 

5000  AS 

25 

1 

92 

9 

9 

4 

7 

3 

16  5 

2 

10000  AS 

22 

5 

81 

10 

10 

2 

4 

1 

14  1 

2 

POSITIVE  CONTROL  *• 

1151 

19 

1092 

95 

138 

20 

214 

27 

1294  62 

1 

HICROSOMES:  Nona 

VEHICLE  CONTROL 

19 

5 

105 

3 

15 

4 

4 

2 

21  6 

1 

TEST  ARTICLE 

250  AS 

20 

3 

90 

4 

14 

4 

7 

3 

IS  3 

1 

500  AS 

22 

4 

89 

11 

13 

3 

7 

3 

18  7 

1 

1000  AS 

24 

3 

87 

19 

15 

2 

6 

1 

13  7 

1 

2500  AS 

20 

-3 

79 

12 

14 

2 

8 

3 

17  3 

2 

5000  AS 

16 

5 

73 

11 

12 

3 

5 

3 

14  1 

2 

10000  AS 

14 

1 

56 

9 

9 

4 

3 

1 

13  5 

3 

POSITIVE  CONTROL  **• 

193 

7 

655 

82 

510 

40 

1728 

67 

400  29 

1 
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APPEMDIX  3-A 


BACTERIAL  BACXOROUND  LAWN  EVALUATION  CODE 

The  condition  of  the  background  bacterial  lawn  I0  evaluated  both 
macroacoplcally  and  microscopically  (using  a  dissecting  microscope)  for 
Indications  of  cytotoxicity  and  test  article  precipitate  as  follows 1 

CODE  DEFINITION  CHARACTERISTICS  OF  BACKGROUND  LAWN 


1  Normal 


A  healthy  microcolony  lawn. 


2  Slightly 
Reduced 


A  noticeable  thinning  of  the  microcolony  lawn  and  an 
Increase  In  the  size  of  the  mlcrocolonles  compared  to 
the  vehicle  control  plate. 


3  Moderately 
Reduced 


A  marked  thinning  of  the  microcolony  lawn  and  an 
Increase  In  the  size  of  the  mlcrocolonles  compared  to 
the  vehicle  control  plate. 


4  Extremely 
Reduced 


An  extreme  thinning  of  the  microcolony  lawn  and  an 
Increase  In  the  size  of  the  mlcrocolonles  compared  to 
the  vehicle  control  plate. 


5  Absent 


A  complete  lack  of  any  microcolony  lawn. 


6  Obscured  by 
Precipitat-' 


The  background  bacterial  lawn  cannot  be 
accurately  evaluated  due  to  microscopic  and/or 
macroscopic  test  article  precipitate. 


Evidence  of  macroscopic  test  article  precipitate  on  the  plates  is 
recorded  by  addition  of  the  following  precipitate  code  to  the  code  number  used 
to  evaluate  the  condition  of  the  background  bacterial  lawn. 


SP  Slight 

Precipitate 


Noticeable  macroscopic  precipitate  on  the  plate, 
however,  the  precipitate  does  not  Influence  automated 
counting  of  the  plate. 


MP  Moderate 

Precipitate 


The  amount  of  macroscopic  precipitate  on  the  plate 
would  interfere  with  automated  counting,  thus, 
requiring  the  plate  to  be  hand  counted. 


HP  Heavy 

Precipitate 


The  large  amount  of  macroscopic  precipitate  on  the 
plate  makes  the  required  hand  counting  difficult. 


Example;  4-MP  would  indicate  a  plate  observed  to  have  an  extremely  reduced 
background  lawn  which  had  to  be  counted  manually  due  to  the  marked  amount  of 
macroscopic  test  article  precipitate. 


APPEMDIZ  3-B 


CRITERIA  FOR  THE  DETERMINATION  OP  A  VALID  TEST 

The  following  criteria  must  be  met  for  the  assay  to  be  considered  vallds 

r/a  Vail  Mutatiom  In  order  to  demonstrate  the  presence  of  the  deep 
rough  mutation,  <ill  tester  strain  cultures  must  exhibit  sensitivity  to  crystal 
violet. 

pKMlOl  Plasmid  R-Facton  In  order  to  demonstrate  the  presence  of  the 
pKMlOl  Plasmid  R-factor,  all  tester  strains  must  exhibit  resistance  to 
amplclllln. 

Characteristic  Number  ot  Spontaneous  Revertantst  All  tester  strain 
cultures  must  exhibit  a  characteristic  number  of  spontaneous  revertants  per 
plate  In  the  vehicle  controls.  The  acceptable  ranges  are  as  follows: 

TA98  8-60 

TAIOO  60  -  240 

TA153S  4-45 

TA1537  2-25 

TA1538  3-35 

Tester  Strain  Culture  Density i  In  order  to  ensure  that  appropriate 
numbers  of  bacteria  are  plated,  taster  strain  culture  density  must  be  greater 
than  or  equal  to  5.0  x  10^  bacteria  per  roL  and/or  have  reached  a  target  level 
of  turbidity  demonstrated  to  produce  cultures  with  a  density  greater  than  or 
equal  to  5.0  x  10^. 

Positive  Control  Values:  All  positive  controls  must  exMblt  at  least  a 
3-fold  increase  in  the  number  of  revertants  per  plate  over  the  mean  value  for 
the  vehicle  control  for  the  respective  strain. 

Cytotoxicity:  A  minimum  of  three  non-toxic  doses  are  required  to 
evaluate  assay  data. 

Evaluation  of  Test  Results 

Tester  Strains  TA98  and  TAIOO:  For  a  test  article  to  be  considered 
positive,  it  must  cause  at  least  a  2-fold  increase  in  the  mean  revertants  per 
plate  of  at  least  one  tester  strain  over  the  mean  vehicle  control  value  for 
that  tester  strain.  This  increase  in  the  mean  number  of  revertants  per  plate 
must  be  accompanied  by  a  dose  response  to  increasing  concentrations  of  the 
test  article. 

Tester  Strains  TA1535,  TA1537,  and  TA1538:  For  a  test  article  to  be 
considered  positive,  it  must  cause  at  least  a  3-f'5ld  Increase  in  the  mean 
revertants  per  plate  of  at  least  one  tester  strain  over  the  mean  vehicle 
control  value  for  that  tester  strain.  This  increase  in  the  mean  number  of 
revertants  per  plate  must  be  accompanied  by  a  dose  response  to  increasing 
concentrations  of  the  test  article. 
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fICTZOK  4 


MUTAOKXZCZTT  TEST  ON  CTTB  TXIMEX  ACID 
ZN  Xn  CBO/BOPItT  PORWAIU}  HUTATZON  ASSAZ 

K.R>  Touag 


ABSTRACT 

The  objactiv*  of  thla  aasay  waa  to  avaluata  tha  ablli*'y  of  CTFX  trimar 
acid  to  indue*  forward  mutatlona  at  th*  HCPRT  locua  in  CHO  calls  both  with  and 
without  fflatabolic  activation  by  S9  microsomal  ansymaa. 

errs  trimar  acid  was  solubla  in  OMSO  at  a  concentration  of  100.0  mg/mL 
and  waa  uaad  zo  prepara  primary  lOOX  stock  concentrations  of  CTFE  t'*im«r  acid 
for  use  in  tha  assay  procedures.  Treatment  media  war*  prepared  by  making 
1:100  dilutions  of  th*  primary  stocks  into  ri2  tissue  culture  roadium. 
Preliminary  cytotoxicity  tasting  showed  the  teat  material  to  be  toxic  to  CHO 
calls  both  with  and  without  S9  metabolic  activation  but  only  at  the  highest 
concentration  tested  (1.0  mg/mL). 

Mutation  assays  were  performed  both  with  and  without  S9  metabolic 
activation.  Tha  test  material  produced  toxicity  in  both  mutation  assays.  The 
mutant  frequency  of  treated  cultures  varied  randomly  with  the  dose  within  ina 
range  considered  acceptable  for  background  mutant  frequencies  (0  to 
16.8  X  10~^).  No  culture  exposed  to  the  test  material  had  a  mutant  frequency 
that  was  statistically  elevated  over  tha  mutant  frequencies  of  th*  concurrent 
vehicle  control  cultures,  with  the  exception  of  one  culture  from  the  assays 
conducted  without  S9  metabolic  activation.  The  mutant  frequency  of  this 
culture  was  elevated  but  waa  within  tha  range  considered  acceptable  for 
background  mutant  frequencies  and  was  consistent  with  normal  assay  variation. 
Therefore,  CTFE  trimer  acid  was  considered  negative  for  inducing  forward 
mutations  at  tha  HGPRT  locua  in  CHO  calls  both  with  and  without  S9  meteUaolic 
activation. 


ZNTROOUCTZON 

HGPRT  is  a  cellular  enzyme  that  permits  cells  to  salvage  hypoxanthine 
and  guanine  for  use  in  DNA  synthesis.  Tho  HGPRT  enzyme  utilizes  the 
substrates  S-phosphoriboayl-l-pyrophosphate,  hypoxanthine,  or  guanine  to 
catalyze  the  formation  of  inosine  or  guanoaine  monophosphate.  If  a  purine 
analog  such  as  6-thioguanine  (TG)  is  included  in  the  growth  medium,  the  analog 
will  be  phosphorylated  via  the  HGPRT  pathway  and  incorporated  into  nucleic 
acids,  eventually  resulting  in  cellular  death.  The  HGPRT  locus  is  located  on 
the  X  chromosome  and  because  only  one  of  the  two  X  chromosomes  is  functional 
in  the  CHO  cells,  a  single-step  forward  mutation  from  HGPRT+  to  HGPRT-  in  the 
functional  X  chromosome  renders  the  cell  unable  to  utilize  hypoxanthine, 
guanine,  or  TG  supplied  in  the  culture  medium.  These  mutants  are  as  viable  as 
wild-type  cells  in  normal  medium  because  DNA  synthesis  may  still  proceed  by  de 
novo  synthetic  pathways  that  do  not  involve  hypoxanthine  or  guanine  as 
intermediates.  The  basis  fer  the  selection  of  HGPRT-  mutants  is  the  loss  of 
their  ability  to  utilize  toxic  purine  analogs  (e.g.,  TG),  that  enables  only 
tha  HGPRT-  mutants  to  grow  in  the  presence  of  TG.  Cells  that  grow  to  form 
colonies  in  the  presence  of  TG  are  assumed  to  have  mutated,  either 
spontaneously  or  by  the  action  of  the  test  article,  to  the  HGPRT-  genotype. 
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KATERIALS  AND  METHODS 


Test  Material 

CTFE  trimer  acid  identified  aa  ID#  10-86-63  and  IR#  14240  waa  obtained 
from  the  U.S.  Air  Force.  The  clear,  colorleaa,  and  slightly  viscous  liquid 
was  stored  at  room  temperature  in  the  dark. 


Media 

The  cells  used  during  experimental  studies  ware  maintained  in  H^un*8 
Nutrient  Mixture  F12  supplemented  with  L-glutamine,  antibiotics,  and  fetal 
bovine  serum  (FBS,  8%  v/v),  hereafter  referred  to  as  culture  medium. 

Cleansing  medium  used  for  reducing  the  spontaneous  frequency  of  HGPRT-  mutants 
prior  to  experimental  studies  consisted  of  culture  medium  supplemented  with 
5.0  X  10”®  M  thymidine,  1.0  x  lO”®  M  hypoxanthine,  1.0  x  lO”^  M  glycine, 

3.2  X  lO”®  M  of  either  aminopterin  or  methotrexate,  and  the  concentration  of 
FBS  was  reduced  to  5%  by  volume.  Recovery  medium  was  similar  to  cleansing 
medium  except  that  the  aminopterin  or  methotrexate  component  was  removed  and 
the  FBS  was  increased  to  8t  by  volume.  Selection  medium  for  mutants  was 
hypoxanthine-f ree  F12  medium  containing  4  (jg/mL  (24  mM)  of  TG  and  the  FBS 
component  reduced  to  5%  by  volume. 


Indicator  Cells 

The  indicator  cells  used  for  this  study  were  CHO  cells  originally 
derived  from  the  ovary  of  a  female  Chinese  hamster  (Kao  and  Puck,  1968). 
Characteristics  of  the  cell  line  are  high  clonability  (approximately  85%)  and 
rapid  doubling  time  (11-14  h).  The  particular  subclone  used  in  this  assay  was 
CHO-Kl-BH^  that  has  been  demonstrated  to  be  sensitive  to  many  chemical 
mutagens.  Master  stocks  of  the  cells  were  maintained  frozen  in  liquid 
nitrogen. 

Laboratory  cultures  were  maintained  as  monolayers  at  37  t  1.5*C  in  a 
humidified  atmosphere  containing  5  t  1.5%  CO2  and  were  periodically  checked 
for  karyotype  stability  and  for  the  absence  of  Mycoplasma  contamination.  To 
reduce  the  negative  control  frequency  (spontaneous  frequency)  of  HGPRT- 
mutants  to  the  minimum  possible,  the  cell  cultures  were  exposed  to  conditions 
that  selected  against  the  HGPRT-  phenotype.  Cells  were  maintained  in 
cleansing  medium  for  two  to  three  days,  placed  in  recovery  medium  for  one  day, 
and  then  returned  to  culture  medium.  Cleansed  cultures  were  used  to  initiate 
mutation  assays  from  three  to  seven  days  after  having  been  removed  from 
cleansing  medium. 


Control  Articles 

A  single  negative  (media)  control  culture  was  prepared  for  each  portion 
of  the  rangefinding  cytotoxicity  assay  by  carrying  cells  unexposed  to  the  teat 
article  through  all  of  the  assay  operations.  Negative  control  a  were  not 
prepared  for  the  mutagenicity  assay. 

Vehicle  controls  were  prepared  for  each  portion  of  the  assay  by  exposing 
cells  to  1%  DMSO  in  culture  medium  for  4  h.  Single  vehicle  control  cultures 
were  used  in  the  rangefinding  cytotoxicity  assay  and  duplicate  vehicle 
controls  were  used  in  the  mutagenicity  assay. 

5-Bromo-2 ' -deoxyuridine  (BrdU)  is  highly  and  reproducibly  mutagenic  to 
CHO-Kl-BH^  cells  without  S9  metabolic  activation.  BrdU  (Sigma  Chemical  Co.) 
was  used  at  a  concentration  of  50  <ig/mL  of  culture  medium  as  a  positive 
control  article  for  mutagenicity  assays  conducted  without  S9  metabolic 
activation.  3-Methy J.cholanthrene  (Mca.  Sigma  Chemical  Co.)  requires  metabolic 
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activation  by  mlcroaomal  enzymes  to  become  mutagenic  to  CH0>K1-BH^  calla  and 
was  used  at  a  concentration  5  pg/mL  of  culture  medium  as  a  positive  control 
article  for  mutagenicity  assays  performed  with  S9  activation. 

S9  Metabolic  Activation  Systea 

The  metabolic  activation  system  was  composed  of  rat  liver  enzymes  and  an 
energy  producing  reaction  mixture  prepared  in  a  phosphate  buffer  (pH  7.8). 

The  enzymes  were  contained  in  a  9000  x  g  supernatant  (S9  fraction)  from  liver 
homogenate  prepared  from  Sprague-Oawley  rats  treated  with  SCO  mg/kg  of 
Aroclor  12S4  five  days  prior  to  sacrifice  and  purchased  from  Molecular 
Toxicology,  Inc.  The  S9  fraction  and  reaction  mixture  were  retained  frozen  at 
about  -SO’C  until  used.  These  components  were  thawed  immediately  before  use 
and  combined  to  form  the  metabolic  activation  system  described  below. 

Activation  Syaten  Coeponent  Final  Concentration  in  Culturea 

1.0  nM 
S.O  mM 
2.0  mM 
6.6  mM 
2.0  mM 
2.0  mM 

15.0  -  20.0  ^L/mL 

The  amount  of  S9  homogenate  per  culture  was  dependent  upon  the  lot  of  59 
in  use  at  any  time.  Before  use  each  lot  of  59  homogenate  was  tested  in 
culture  at  various  concentrations  using  chemicals  such  as  benzo(a)pyrane  or 
MCA.  The  optimum  59  concentration  was  selected  based  on  induction  of  HOPRT- 
mutants  in  CHO  cells  exposed  to  these  chemicals  in  culture,  and  this  amount  of 
59  was  used  in  all  subsequent  assays  with  that  particular  lot  of  59. 

Dosing  Procedure 

CTPE  trimer  acid  was  dissolved  in  0M5O  at  a  concentration  of  100  mg/mX. 
which  was  100  times  the  highest  desired  treatment  concentration.  Primary  lOOX 
test  material  stock  solutions  at  lower  concentrations  were  prepared  by  serial 
dilution  with  DMSO.  Pinal  IX  dosing  solutions  were  prepared  by  making  1*100 
dilutions  of  the  primary  stocks  into  culture  medium  containing  8%  PBS  for 
nonactivation  studies  and  St  PBS  for  activation  studies.  The  volume  of 
culture  medium  diluent  in  the  activation  studies  was  reduced  to  compensate  for 
the  volume  of  59  reaction  mixture  used. 

Preparations  of  test  material  in  the  vehicle  were  made  fresh  each  day. 
Treatments  were  initiated  by  replacing  the  culture  medium  on  the  cell  culturea 
with  the  treatment  medium  containing  the  test  material  at  the  desired 
concentrations. 

Rangefinding  Cytotoxicity  Testing 

A  wide  range  of  test  article  concentrations  was  tested  for  cytotoxicity 
both  with  and  without  59  metabolic  activation.  Ten  concentrations  that  ranged 
from  0.00195  to  1.0  mg/mL  were  used.  In  addition,  one  negative  (media) 
control  and  one  vehicle  control  containing  1%  DMSO  were  used  in  each 
cytotoxicity  assay. 

The  cells  were  q[uantitatively  seeded  at  200  calls  per  glass  flask, 
allowed  to  attach  overnight  (16  to  13  h),  and  exposed  to  the  test  or  control 
article  for  4  h  at  37  ±  1.5*C  in  a  humidified  atmosphere  containing  5%  COj. 

The  cells  were  then  washed  twice  with  Dulbecco's  phosphate  buffered  saline 
(PBS)  and  incubated  in  P12  culture  medium  for  six  additional  days  to  allow  for 


NAD?  (sodium  salt) 
Glucose-6-phoaphat  a 
Calcium  chloride 
Potassium  chloride 
Magnesium  chloride 
Phosphate 
59  homogenate 
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colony  development.  Colonies  were  then  fixed  in  alcohol,  stained  with  Giemsa, 
and  counted  by  eye,  excluding  those  colonies  with  approximately  SO  cells  or 
less.  Cytotoxicity  was  expressed  as  a  percentage  of  colony  counts  in  treated 
cultures  versus  control  cultures.  The  preliminary  cytotoxicity  information 
was  used  to  select  doses  for  the  mutation  assay. 

Nonactivation  Mutagenicity  Assay 

This  procedure  was  based  on  that  reported  by  Hsie  et  al.  (1975), 
reviewed  by  Hsie  et  al.  (1981),  with  modifications  suggested  by  Myhr  and 
DiPaolo  (1978).  The  cleansed  cells  were  plated  at  approximately 


DiPaolo  (1978).  The  cleansed  cells  were  plated  at  approximately 
2.4  X  10°  cells  per  75  cm^  glass  flask  on  the  day  before  dosing.  The  time 
between  plating  and  treatment  was  about  18  h.  At  that  time  cell  cultures  ware 
treated  with  teat  or  control  material  for  4  h  at  37  t  1.5*0  in  a  humidified 
atmosphere  with  5%  CO2.  After  treatment,  the  call  monolayers  were  washed 
twice  with  PBS,  trypainized,  and  suspended  in  culture  medium.  The  cell 
suspension  from  cultures  exposed  to  each  dose  was  counted  using  a  Coulter 
Counter  and  replated  at  1.5  x  10^  cells  into  each  of  t’.vo  150-iim  dishes  and  at 
200  cells  into  each  of  three  60-fflm  dishes.  The  small  dishes  were  incubated 
for  seven  days  to  permit  colony  development  and  the  determination  of  the 
cytotoxicity  associated  with  each  treatment.  The  larger  dishes  were  incubated 
for  seven  days  (the  expression  period)  to  permit  growth  and  expression  of 
induced  mutations.  The  mass  cultures  were  subcultured  every  two  or  three  days 
during  the  expression  period  to  maintain  logarithmic  cell  growth.  At  each 
subculture  the  cells  from  the  two  ISO-mm  dishes  from  each  dose  were  combined 
and  reseeded  at  about  1.5  x  10^  cells  into  each  of  two  150-mm  dishes. 

At  the  end  of  the  expression  period,  each  culture  was  reseeded  at 
2  X  10^  cells  per  100-mm  dish  (12  dishes  total)  in  mutant  selection  medium. 
Three  60-iTim  dishes  were  seeded  at  200  cells  each  in  culture  medium  to 
determine  the  cloning  efficiency  (Cl)  of  each  culture.  After  incubation  for 
seven  to  days,  at  37  i  1.5*C  in  a  humidified  atmosphere  with  5%  C02t  the 
colonies  were  fixed  with  alcohol,  stained  wit.)  Giemsa,  and  counted  to 
determine  the  number  of  TG-resistant  colonies  in  mutant  selection  dishes  and 
the  nuiiiber  of  colonies  in  the  CB  dishes.  The  colonies  were  counted  by  eye, 
excluding  those  with  approximately  50  cells  or  less. 

Activation  Mutagenicity  Assay 

The  activation  assay  was  performed  independently  with  its  own  set  of 
vehicle  and  positive  controls.  The  procedure  was  identical  to  the 
nonactivation  assay  except  for  the  addition  of  the  S9  fraction  of  rat  liver 
homogenate  and  necessary  cofactors  during  the  4-h  treatment  period.  The  PBS 
content  of  the  medium  used  for  dosing  was  reduced  to  5%  by  volume. 

Data  Presentation 

The  raw  data  were  used  to  calculate  several  assay  parameters.  The 
chosen  combination  of  raw  data  and  calculated  data  affords  a  complete 
description  of  events  for  each  treatment  condition.  The  significance  of  each 
calculated  parameter  and  its  method  of  calculation  are  listed  below. 

Relative  Survival  to  Treatment  1  This  parameter  gives  the  clonal 
cytotoxicity  of  each  treatment  by  showing  what  percentage  of  the  cells  were 
able  to  form  colonies  after  the  treatment  period  in  both  the  ranqeflnding 
cytotoxicity  assay  and  the  mutagenicity  assay  relative  to  the  concurrent 
vehicle  controls.  The  average  number  of  colonies  in  three  dishes  (seeded  at 
200  colls  each)  was  determined  for  each  treatment  condition. 
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Av«r*g«  no.  of  colonics  per  treated  culture 

Relative  Survival  <*>  ■  .  . .  -  '  '  -  - '  '  . .  . . — . .  — .  X  100* 

Average  no.  oi  colonies  per  vehicle  control  dish 

Rmlativm  Population  Orowtht  This  parameter  ahowa  the  cumulative  growth 
of  the  treated  cell  population,  relative  to  the  vehicle  control  growth,  over 
the  entire  expreaaion  period  and  prior  to  mutant  aelection.  In  general, 
highly  toxic  treatmenta  will  reduce  the  growth  rate  aa  well  as  the  survival. 

Valusis  leaa  than  100%  indicate  growth  inhibition.  For  example,  50%  and 
25%  relative  growth  values  would  indicate  treated  cell  populations  that  were 
one  and  two  population  doublings  behind  the  vehicle  control  cultures.  Treated 
populations  that  are  more  than  2  or  3  doublings  behind  the  control  might  not 
achieve  maximum  expression  of  the  TG-resistant  phenotype.  The  relative 
population  growth  is  calculated  from  cell  count  data  not  presented  in  this 
report  and  is  intended  to  provide  only  an  approximate  indication  of  growth 
during  the  expression  period,  since  cells  are  easily  lost  or  not  completely 
released  by  trypsin  during  the  subculture  procedures. 

Trsstsd  culture  populstlon  Incrssts  over  the  expression  period 

Relative  Population  Growth  <X)  •  -  X  100* 

Vehicle  control  population  Increase  over  the  expression  period 

Absolute  Cloning  Etticiancyi  The  ability  of  the  calls  to  form  colonies 
at  the  time  of  mutant  selection  is  measured  by  the  absolute  CS.  This 
parameter  is  used  as  the  beat  estimate  of  the  CE  of  the  mutant  colls  in  the 
selection  dishes.  Thus,  the  observed  number  of  mutant  colonies  can  be 
converted  to  the  frequency  of  mutant  cells  in  the  treated  population. 

Avsrags  no.  of  vlabta  colonlas  par  dish 

Absolut#  CR  (X)  •  -  X  100* 

200 

Hutant  Praquancy:  The  mutant  frequency  is  the  endpoint  of  the  assay. 

It  is  calculated  as  the  ratio  of  colonies  found  in  thioguanine  selection 
medium  to  the  total  number  of  cells  seeded,  adjusted  by  the  absolute  CE.  The 
frequency  is  expressed  in  units  of  10~^,  e.g.,  the  number  of  mutants  per  one 
million  cells. 


Xutsnt  frsqueney  <*>  • 


Total  lutant  clones 


no.  of  dishes  x  2  x  10^  x  absolute  Ct 


X  100* 


KSSULTS  AND  DISCUSSION 
Test  Article  Handling 

Solubility  testing  of  the  test  material  with  DMSO  revealed  that  good 
solubility  was  maintained  at  a  concentration  of  100.0  mg/mL.  Dilutions  were 
made  with  DMSO  to  prepare  a  aeries  of  lOOX  primary  stocks  at  lower 
concentrations.  Glass  plpets  and  tubes  were  used  to  prepare  primary  test 
article  stock  solutions  in  DMSO. 

Treatment  media  were  prepared  by  making  lilOO  dilutions  of  the  test 
material  stocks  into  F12  culture  medium  that  contained  8%  FDS  for  the 
nonactivation  studies  and  5%  FBS  for  the  S9  metabolic  activation  studies. 

Fresh  primary  test  material  stocks  were  prepared  for  each  experiment.  The 
cells  were  treated  by  replacing  the  media  on  the  cultures  with  treatment  media 
containing  the  different  concentrations  of  test  or  control  media. 
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Th«  teat  material  remained  in  solution  in  culture,  medium  at  concentra¬ 
tions  ranging  from  0.00195  mg/mL  to  the  maximum  applied  concentration  of 
1.0  mg/mL.  The  test  material  did  not  altar  the  pH  of  the  treatment  medium 
outside  the  range  of  pH  7.C  to  pH  7.8  at  any  applied  concentration. 

Kangafinding  Cytotoxicity  Assay 

CTFE  trimer  acid  was  tested  in  the  preliminary  rangefinding  cytotoxicity 
assay  with  and  without  S9  metabolic  activation.  Ten  test  article  concentra¬ 
tions  were  used  in  each  case  ranging  from  0.0019S  to  1.0  mg/mL. 

The  rangefinding  cytotoxicity  assay  showed  that  the  test  material  was 
nontoxic  to  CHO  cells  in  cultures  at  all  but  the  highest  dose  both  with  and 
without  S9  metabolic  activation  (Tables  4-1  and  4-2).  While  the  absolute 
plating  efficiencies  (as  measured  by  the  number  of  colonies  per  culture  dish) 
in  the  activation  cyt  toxicity  assay  appeared  to  be  lower  and  more  variable 
than  normal)  the  data  were  sufficient  to  be  used  in  selecting  doses  for  the 
activation  mutagenicity  assay. 

Mutagenicity  Assay  Without  Metabolic  Activation 

Six  test  article  concentrations  were  used  ranging  from  0.05  to 
1.0  mg/mL.  The  teat  article  was  toxic  to  CHO  cells  only  at  a  concentration  of 
1.0  mg/mL  as  measured  by  both  relative  clonal  survival  and  relative  population 
growth  (Table  4-3).  The  mutant  frequency  of  cultures  treated  with  the  test 
material  varied  within  the  acceptable  range  of  vehicle  control  mutant 
frequency  variation  (0  to  16.8  x  10*®).  One  of  the  six  cultures  had  a  mutant 
frequency  that  was  significantly  elevated  over  the  mutant  frequency  of  the 
vehicle  control  cultures,  but  this  mutant  frequency  was  within  the  range  of 
acceptable  bac)cground  mutant  frequencies  and  was  consistent  with  normal  assay 
variation  (See  Appendix  4-A).  Therefore,  CTFE  trimer  acid  was  evaluated  as 
negative  for  inducing  forward  mutations  at  the  HCPRT  locus  in  CHO  cells  in  the 
absence  of  S9  metabolic  activation  under  the  conditions  of  testing. 

The  positive  control  treatments  with  50  /jg/mL  BrdU  induced  a  large, 
significant  (p  s  0.01)  increase  in  the  mutant  frequency.  The  mutant 
frequencies  of  the  two  vehicle  controls  were  acceptable.  Historical  control 
mutant  frequency  data  is  presented  in  Appendix  4-A.  The  assay  results 
achieved  all  assay  acceptance  criteria  (Appendix  4-B),  which  provided 
confidence  in  the  assumption  that  the  recorded  data  represented  a  typical 
response  of  the  test  material  in  the  nonactivation  assay  system. 

Mutagenicity  Assay  With  Metabolic  Activation 

CTFE  trimer  acid  was  tested  in  the  presence  of  S9  metabolic  activation 
using  eight  test  article  concentrations  ranging  from  0.05  to  1.0  mg/mL.  The 
test  article  showed  dose-related  toxicity  to  HiO  calls  in  culture  as  measured 
by  both  relative  clonal  survival  and  relative  population  growth  (Table  4-4). 
The  culture  treated  with  1.0  mg/mL  CTFE  trimer  acid  was  excessively  toxic  and 
was  not  available  for  analysis.  The  seven  remaining  treated  cultures  were 
plated  for  mutant  selection  and  were  available  for  analysis.  The  mutant 
frequency  of  cultures  treated  with  the  test  material  varied  randomly  with  dose 
within  the  acceptable  range  of  vehicle  control  mutant  frequency  variation  (0 
to  10  X  10”^)  (See  Appendix  4-A).  There  was  no  positive  correlation  of  mutant 
frequency  with  dose  and  no  treated  culture  had  a  mutant  frequency  that  was 
significantly  elevated  over  the  average  background  mutant  frequency  of  the 
concurrent  vehicle  controls.  Therefore,  CTFE  trimer  acid  was  evaluated  as 
negative  for  Inducing  forward  mutations  at  the  HGPRT  locus  in  CHO  cells  in  the 
presence  of  S9  metabolic  activation  under  the  conditions  of  testing. 
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ZABLB 

4-1.  CLOHAL  CrrOTOZICITY  ASSAY  OF  CTFB 
WITHOUT  XETABOLIC  ACTIVATION 

TRIMER 

ACID 

Applied 

Concentration 

Nunber 

Ralatlva 

Cloning 

Sampl* 

mg/mL 

Colonlea/Dlah 

Survival* 

Efficiency 

(X) 

(X) 

Hc” 

U9 

97.6 

VC,  IX* 

153 

100.0 

76.5 

Trfawr  acid 

0.00195 

176 

113.7 

Trlmar  acid 

O.C  J91 

168 

109.8 

Triaiar  acid 

0.(  'SI 

170 

111.1 

Trlawr  acid 

0.0>i4 

159 

103.9 

Trltnar  acid 

o.a;i3 

172 

112.6 

Trlmar  acid 

0.CV.25 

168 

109.8 

Trlmar  acid 

O.KS 

176 

113.7 

Trlawr  acid 

0.25 

159 

103.9 

Trlawr  acid 

0.5 

150 

98.0 

Trlawr  acid 

1.0 

60 

39.2 

*  Ralatlva  to  IX  vc  for 

all  treatawntt. 

^  MC  a  Negative  Control, 

,  T12  Medlu*. 

*  VC  •  Vahlclo  control, 

IX  DHSO. 

TABLB 

4-2.  CLONAI. 

CYTOTOXICITY 

ASSAY  OF  CTFS 

TRIMER 

ACID 

WITH  KETABOZ.IC 

ACTIVATION 

Applied 

Concentration 

Nueber 

Relative 

Cloning 

Sample 

aN)/mL 

Colonlea/Ofah 

Survival* 

Efficiency 

(X> 

(X) 

NC* 

87 

167.5 

VC,  IX* 

59 

100.0 

29.5 

Trlawr  acid 

0.00195 

106 

179.7 

Trimer  acid 

0.00391 

118 

200.0 

Trlawr  acid 

0.00781 

169 

286.6 

Trfawr  acid 

0.0156 

67 

113.6 

Trlawr  acid 

0.0313 

85 

166.1 

Trlawr  add 

0.0625 

70 

118.6 

Trfawr  add 

0.125 

50 

86.7 

Trfawr  acfd 

0.25 

96 

162.7 

Trfawr  acfd 

0.5 

135 

228.8 

Trfawr  acfd 

1.0 

0 

0.0 

RsUtive  to  IX  VC  for  atl  treatment*. 
^  HC  ■  Neqattv*  control,  F12  Medium. 

'  VC  »  Vehict*  control,  IX  DUSO. 
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TABLK  4>4.  MUTATION  ASSAY  OF  CTTB  TKZKER  ACID  WITH  METABOLIC  ACTIVATION 


Aactfvation 

Test  Condition 

Survival  To 

Treatxient 

(X  Vehicle 

Control) 

Relative 
Population 
Growth  <X  of 

Control) 

Total  Mutant 

Colonies 

Absolute 

CE  t  SO  (X) 

Mutant 
freg  in 

10-^ 

Units* 

Vehicle  Control^ 

106.8 

103.0 

15 

95.4  a  5.6 

6.6 

Vehicle  Control 

93.2 

97.0 

14 

103.2  t  1.9 

5.7 

Positive  Control® 

136.5 

144.8 

432 

100.5  a  1.8 

179.1*^ 

Positive  Control 

152.1 

128.7 

428 

104.0  a  4.8 

171.5*^ 

CTPE  (mg/rnl  ) 

0.05 

90.3 

61.3 

10 

85.7  a  4.8 

4.9 

0.1 

70.5 

54.5 

5 

97.0  a  4.8 

2.1 

0.2 

81.2 

55.9 

18 

84.0  a  1.3 

8.9 

0.3 

52.6 

41.2 

14 

87.5  a  5.9 

6.7 

0.5 

43.9 

24.3 

10 

83.9  a  7.0 

5.0 

0.6 

42.6 

29.6 

22 

92.0  a  9.4 

10.0 

0.8 

25.8 

12.9 

17 

88.7  a  1.2 

8.0 

1.0 

3.5 

NS* 

. 

- 

. 

«ut»nt  frequency  «  Total  mutant  colontea/No.  of  dishea  *  2  x  10  x  absolute  CE. 
Vehicle  control  *  IX  DMSO. 


c 

d 

e 


Positive  control  »  5.0  )ig/mL  MCA. 

Significant  increase:  Kastenbain- Bowman  test  o  1  0.01. 
NS  •  Not  selected  due  to  toxicity. 
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The  positive  control  treatments  with  5  fjg/mL  MCA  induced  large, 
significant  (p  £  0.01)  increases  in  mutant  frequency  which  demonstrated  the 
effectiveness  of  the  S9  metabolic  activation  system  and  the  ability  of  the 
test  system  to  detect  known  mutagens.  The  mutant  frequencies  of  the  vehicle 
controls  were  within  the  acceptable  range  (Appendix  4-A).  The  assay  results 
achieved  all  assay  acceptance  criteria  (Appendix  4-B)  and  provided  confidence 
in  the  assumption  that  the  recorded  data  represented  typical  responses  of  the 
test  material  in  the  assay  system. 

CONCLUSION 

The  test  material,  CTFE  trimer  acid,  was  considered  negative  for 
inducing  forward  mutations  at  the  HGPRT  locus  in  CHO  cells  under  both  the  S9 
metabolic  activation  and  nonactivation  conditions  of  the  assay. 
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APfSmXX  4-A 


HISTORICAL  CBO  HOPRT  ASSAI  CONTROL  MUTANT  nUSQUENCT  DATA 
Nonactivation  Studies 


Pooled  negative  and  solvent  controls 


Mean  (±  SO) 

Range 

Number  of  experiments 
Number  of  controls 


3.9  ±  2.9  X  10 
0  to  16.8  X  10* 
SO 
88 


Positive  controls  (50  fjg/mL  S-bromo-2 ' -deoxyuridine) 


Mean  (±  SO) 

Range 

Number  of  experiments 
Number  of  controls 


121.6  ±  27.9  X  10  ' 
38.7  to  165.6  X  10* 
50 
59 


Activation  Studies 


Pooled  negative  and  solvent  controls 


Mean  (t  SO) 

Range 

Number  of  experiments 
Number  of  controls 


2.9  ±  2.1  X  10 
0  to  10.0  X  10* 
50 
86 


Positive  controls  (5  iig/OL  3-methylcholanthrene) 


Mean  (±  SD) 

Range 

Number  of  experiments 
Number  of  controls 


370.0  ±  173.3  X  10  ' 
152.3  to  941.6  X  10* 
50 
61 


The  historical  control  data  was  compiled  from  the  most  recent  fifty 
experiments.  Because  some  experiments  contained  duplicate  controls,  the 
number  of  independent  control  cultures  exceeded  the  number  of  experiments. 
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APPENDIX  4-B 


ASSAY  ACCEPTANCE  AND  EVALUATION  CRITERIA 
Assay  acceptance  criteria 

An  assay  normally  is  considered  acceptable  for  evaluation  of  the  results 
only  if  all  of  the  following  criteria  are  satisfied.  The  activation  and 
nonactivation  xxsrtions  of  the  mutation  assay  may  be  performed  concurrently, 
but  each  portion  is,  in  fact,  an  independent  assay  with  its  own  positive  and 
vehicle  controls.  The  activation  or  nonactivation  assays  will  be  repeated 
independently,  as  needed,  to  satisfy  the  acceptance  and  evaluation  criteria. 

The  average  absolute  cloning  efficiency  of  the  vehicle  controls  should 
be  between  70%  and  115%.  A  value  greater  than  100%  is  possible  because  of 
errors  in  cell  counts  (usually  i  10%)  and  dilutions  during  cloning.  Cloning 
efficiencies  below  70%  do  not  necessarily  indicate  substandard  culture 
conditions  or  unhealthy  cells.  Assay  variables  can  lead  to  artificially  low 
cloning  efficiencies  in  the  range  of  50  to  70%  and  still  yield  internally 
consistent  and  valid  results.  Assays  with  cloning  efficiencies  in  this  range 
will  be  conditionally  acceptable  and  dependent  on  scientific  judgment.  All 
assays  below  50%  cloning  efficiency  will  be  unacceptable. 

The  background  mutant  frequency  (average  of  the  vehicle  controls)  is 
calculated  separately  for  the  activation  and  nonactivation  assays,  even  though 
the  sarra  population  of  cells  may  be  used  for  concurrent  assays.  The 
activation  vehicle  controls  contain  the  S9  activation  mix  and  may  have  a 
slightly  different  mutant  frequency  than  the  nonactivation  vehicle  controls. 
For  both  conditions,  background  freqfuencies  for  assays  performed  with 
different  cell  stocks  are  generally  0  to  10  x  10~®.  Assays  with  backgrounds 
greater  than  15  x  10~®  will  not  be  used  for  evaluation  of  a  test  article. 

A  positive  control  is  included  with  each  assay  to  provide  confidence  in 
the  procedures  used  to  detect  mutagenic  activity.  An  assay  will  be  acceptable 
in  the  absence  of  a  positive  control  (loss  due  to  conteunination  or  technical 
error)  only  if  the  test  article  clearly  shows  mutagenic  activity  r.s  described 
in  the  evaluation  criteria.  If  the  test  article  appears  to  have  mo  or  only 
weak  mutagenic  activity,  an  acceptable  assay  must  have  a  positive  control 
mutant  frequency  that  is  significantly  elevated  over  the  concurrent  vehicle 
controls  (p  S  0.01). 

For  test  articles  with  little  or  no  mutagenic  activity,  an  acceptable 
assay  should  include  applied  concentrations  that  reduce  the  clonal  survival  to 
approximately  10%  to  15%  of  the  average  of  the  vehicle  controls,  reach  the 
maximum  applied  concentrations  given  in  the  evaluation  criteria,  reach  a 
concentration  that  is  approximately  twice  the  solubility  limit  of  the  test 
article  in  culture  medium,  or  include  a  high  concentration  that  is  at  least 
75%  of  an  excessively  toxic  concentration.  There  is  no  mMimum  toxicity 
requirement  for  teat  articles  which  clearly  show  mutagenic  activity. 

Mutant  frequencies  are  normally  derived  from  sets  of  twelve  dishes  for 
the  mutant  colony  count  and  three  dishes  for  the  viable  colony  count.  To 
allow  for  contamination  losses,  an  acceptable  mutant  frequency  for  treated 
cultures  can  be  calculated  from  a  minimum  of  eight  mutant  selection  dishes  and 
two  cloning  efficiency  dishes. 

The  mutant  frequencies  for  five  treated  cultures  are  normally  determined 
in  each  assay.  A  required  number  of  different  concentrations  cannot  be 
explicitly  stated,  although  a  minimum  of  three  analyzed  cultures  is  considered 
necessary  under  the  most  favorable  test  conditions  in  order  to  accept  a  single 
assay  for  evaluation  of  the  test  article. 
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Assay  avaluatlon  criteria 

Mutation  assays  are  initiated  by  exposing  cell  cultures  to  about  six  to 
eight  concentrations  of  test  article  that  are  expected,  on  the  basis  of 
preliminary  toxicity  studies,  to  span  a  range  of  cellular  responses  from  no 
observed  toxicity  to  about  10%  survival.  Five  doses  are  usually  then  selected 
for  completion  of  the  mutation  assay.  These  doses  should  cover  a  range  of 
toxicities  with  emphasis  placed  on  the  most  toxic  doses.  An  assay  may  need  to 
be  repeated  with  different  concentrations  to  properly  evaluate  a  test  article. 

The  statistical  tables  provided  by  Kastenbaum  and  Bowman  (1970)  are  used 
to  determine  whether  the  results  at  each  dose  are  significantly  different  from 
the  negative  controls  at  95%  or  99%  confidence  levels.  This  test  compares 
variables  distributed  according  to  Poissonian  expectations  by  summing  up  the 
probabilities  in  the  tails  of  two  binomial  distributions.  The  95%  confidence 
level  must  be  met  as  one  criterion  for  considering  the  test  article  to  be 
active  at  a  particular  dose.  In  addition,  the  mutant  frequency  must  meet  or 


exceed 


10 


-6 


in  order  to  compensate  for  random  fluctuations  in  the  0  to 


15  X 

10  X  10“®  background  mutant  frequencies  that  are  typical  for  this  assay. 

Observation  of  a  mutant  frequency  that  meets  the  minimum  criteria  for  a 
positive  response  in  a  single  treated  culture  within  a  range  of  assayed 
concentrations  is  not  sufficient  evidence  to  evaluate  a  test  article  as  a 
mutagen.  The  following  teat  results  must  be  obtained  to  reach  this  conclusion 
for  either  activation  or  nonactivation  conditions: 


A  dose-related  or  toxicity-related  increase  in  mutant  frequency  should 
be  observed.  It  is  desirable  to  obtain  this  relation  for  at  least  three 
doses.  However,  this  depends  on  the  concentration  steps  chosen  for  the 
assay  and  the  toxicity  at  which  mutagenic  activity  appears.  If  an 
increase  in  mutant  frequency  is  observed  for  a  single  dose  near  the 
highest  testable  toxicity,  as  defined  previously,  and  the  number  of 
mutant  colonies  is  more  than  twice  the  value  needed  to  indicate  a 
significant  response,  the  test  article  generally  will  be  considered 
mutagenic.  Smaller  increases  at  a  single  dose  near  the  highest  testable 
toxicity  will  require  confirmation  by  a  repeat  assay. 

For  some  test  articles,  the  correlation  between  toxicity  and  applied 
concentration  is  poor.  The  proportion  of  the  applied  article  that 
effectively  interacts  with  the  cells  to  cause  genetic  alterations  is  not 
always  repeatable  or  readily  controlled.  Conversely,  measurable  changes 
in  the  frequency  of  induced  mutants  may  occur  with  concentration  changes 
that  cause  only  small  changes  in  observable  toxicity.  Therefore,  either 
parameter,  applied  concentration,  or  toxicity  (percent  survival),  can  be 
used  to  establish  whether  the  mutagenic  activity  is  related  to  an 
increase  in  effective  treatment. 

Treatments  that  reduce  relative  clonal  survival  to  less  than  five 
percent  may  be  included  in  the  assay  but  will  not  be  used  as  sufficient 
evidence  for  mutagenicity  as  it  relates  to  risk  assessment. 

A  test  article  is  evaluated  as  nonmutagenic  in  a  single  assay  only  if 
the  minimum  increase  in  mutant  frequency  is  not  observed  for  a  range  of 
applied  concentrations  that  extends  to  concentrations  causing  about  10%  to  15% 
survival  or  extends  to  a  concentration  at  least  75%  of  that  causing  excessive 
toxicity.  If  the  test  article  is  relatively  nontoxic,  the  maximum  applied 
concentration  will  normally  be  5  rag/mL  (or  5  fjL/mL)  for  water-soluble 
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matarlals  or  1  mg/mL  (or  1  pL/mL)  for  materials  in  organic  solvents.  If  a 
repeat  assay  does  not  confirm  an  earlier,  minimal  response  as  discussed  eUsove, 
the  test  article  is  evaluated  as  nonmutagenic  in  this  assay  system. 

This  presentation  may  not  encompass  all  test  situations,  and  criteria 
may  be  used  to  arrive  at  a  conclusion,  especially  when  data  from  several 
repeat  assays  are  available.  The  interpretation  of  the  results  in  the  Results 
and  Discussion  section  provides  the  reasoning  involved  when  departures  from 
the  above  descriptions  occur. 
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SBCSXON  S 


MDTAOENICZIY  TEST  ON  CTFE  TRZMER  ACID  IN  AN  IN  VITRO 
CZTOOENETIC  ASSAY  MEASURINO  SISTER  CHROMATID  EZCHANOB 
AND  CHROMOSOMAL  ABERRATION  FREQUENCIES  IN 
CHINESE  HAMSTER  OVARY  CELLS 

H.  Kuril 

ABSTRACT 

The  objective  of  this  assay  was  to  evaluate  the  ability  of  CTFE  trimer 
acid  to  induce  SCE  and  chrnmoaomal  aberrations  in  CHO  cells  both  with  and 
without  S9  metabolic  activation.  In  the  SCE  assay,  duplicate  cultures  of  CHO 
cells  were  incvbated  with  concentrations  of  CTFE  trimer  acid  ranging  from 
0.167  to  5020  pg/mL  in  a  half-log  aeries.  There  was  no  significant  increase 
in  SCE  at  the  concentrations  tested. 

Cell  cycle  kinetics  evaluated  from  the  SCE  assay  indicated  cell  cycle 
delay  at  concentrations  of  167  and  502  fjg/atL  under  nonactivation  conditions. 
The  addition  of  S9  microsomal  enzymes  caused  a  slight  cell  cycle  delay  at 
concentrations  greater  than  1670  pg/mL.  Based  on  these  evaluations  of  cell 
cycle  kinetics,  duplicate  cultures  of  CHO  cells  were  tested  with  concentra¬ 
tions  ranging  from  49.8  to  99.6  /jg/mL  of  CTFE  trimer  acid  in  a  10-h 
aberrations  assay  and  from  101  to  1010  ^g/mL  in  a  20-h  aberrations  assay  under 
nonactivation  conditions,  and  with  249  to  4980  #jg/mL  in  a  10-h  aberrations 
assay  with  S9  metabolic  activation.  No  increase  in  cells  with  chromosomal 
aberrations  was  observed  at  the  concentrations  analyzed. 

The  teat  article,  CTFE  trimer  acid,  was  considered  negative  for  inducing 
SCE  and  negative  for  inducing  chromosomal  aberrations  in  CHO  cells  both  with 
and  without  metabolic  activation. 

INTRODUCTION 

The  chromosomes  of  dividing  cells  consist  of  two  identical  halves,  or 
sister  chromatids.  SCEs  are  seen  at  metaphase  of  cell  division  as  reciprocal 
interchanges  of  the  two  chromatid  arms  within  a  single  chromosome.  These 
exchanges  presumably  require  enzymatic  incision,  translocation,  and  ligation 
of  the  two  DNA  strands.  The  frequency  of  SCEe  is  thought  to  be  a  very 
sensitive  indicator  of  damage  to  DNA  and  are  caused  by  many  chemical  agents 
known  to  be  mutagens  or  carcinogens. 

The  SCE  assay  involves  treating  cultured  cells  with  a  test  compound, 
exposing  the  cells  in  culture  to  the  thymidine  analog  BrdU  for  two  cell 
cycles,  and  making  chromosome  preparations  that  are  stained  for  SCE.  By 
growing  cells  with  BrdU  for  two  call  cycles  one  chromatid  contains  half  as 
much  BrdU  as  the  other  and  is  stained  more  intensely  by  Giemsa,  while  its  pair 
(the  sister  chromatid),  is  pale. 

The  chrotTiosomal  aberrations  assay  was  designed  to  examine  cells  in  the 
first  mitosis  after  chemical  exposure  to  establish  whether  the  test  article 
and/or  its  metabolites  can  interact  with  cells  to  induce  chromosomal  breaks. 
Aberrations  are  a  consequence  of  failure  or  mistakes  in  repair  processes 
resulting  in  breaks  that  do  not  rejoin  or  rejoin  in  abnormal  configurations 
(Evans,  1962).  Examining  cells  in  the  first  mitosis  after  chemical  exposure 
limits  loss  of  aberrant  cells  during  the  division  process  or  conversion  into 
complex  derivatives  during  subsequent  cell  cycles.  In  the  case  of  CHO  cells 
most  dividing  cells  examined  8-12  h  after  treatment  are  in  the  first  mitosis 
(Mj^  cells).  However,  many  teat  articles  cause  severe  delay  of  progression 
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through  th«  call  cycla,  and  tha  aaaay  has  baan  daslgnad  to  datact  this  dalny 
and  allow  for  slower  growth  of  damaged  cells  by  adjustments  in  tha  tins 
batwaan  traatmant  and  call  fixation. 


BZPERZNENTAL  DESIOM 

Zn  tha  SCE  assay,  CHO  call  culturas  that  vfars  axposad  to  tha  taat 
articla  for  approximately  two  cell  cycles  wars  analysed  to  datanaina  cellular 
toxicity  and  affects  of  the  test  articla  on  call  generation  time.  Zf 
necessary  ind  possible,  the  assay  was  extended  in  cultures  at  affected  doses 
to  permit  the  progression  to  second  generation  cells.  The  doses  used  in  the 
assay  ranged  from  0.167  to  5020  pg/ml,  of  the  test  material  in  a  half-log 
series.  Single  cultures  were  used  for  the  negative  control,  solvant  control, 
and  each  of  two  doses  for  the  positive  control;  duplicate  cultures  were  used 
for  tha  tan  doses  of  the  test  material.  SCE  frequencies  ware  analyzed  from 
cultures  treated  with  the  four  highest  doses  having  second  generation  calls 
and  from  a  negative,  solvent,  and  positive  control  culture.  Cell  cycle 
kinetics  of  the  treated  cultures  also  avaluated.  A  sunnary  of  tha 

treatment  schedule  for  tha  SCE  assay  is  given  below. 


SUMMARY  OP  SCE  ASSAY  TREATMENT  SCHEDUZJB  ZN  HOURS  ( APPROX  ZMATE) 


Teat 

Test 

Articla 

Wash 

BrdU 

Wash 

Colcemid 

Fixation 

-S9 

-2.25 

0 

22.75 

23 

25.5 

+S9 

-2.25 

-0.25 

0 

23 

25.5 

Cell  cycle  kinetics  from  tha  SCE  assay  were  used  to  determine  the  dose 
range  to  be  used  in  tha  chromosomal  aberrations  assay  and  to  determine  the 
optimal  time  of  harvest  of  the  c' 'sed  cells  so  that  primarily  saetaphase  cells 
(in  the  first  metaphase  since  exposure  to  the  test  article)  would  be  analyzed 
for  chromosomal  aberrations.  The  aberrations  assay  was  conducted  at  the  10-h 
harvest  time  for  those  chemicals  that  did  not  induce  any  cell  cycle  delay  and 
at  the  20-h  harvest  time  for  those  chemicals  that  induced  cell  cycle  delay. 

In  the  chromosomal  aberrations  assay  duplicate  cultures  were  used  for 
each  dose.  Single  cultures  were  used  for  the  negative  c-^ntrol,  solvent 
control,  and  at  each  of  two  doses  for  the  positive  control.  In  the 
nonactivation  assay,  10-  and  20-h  harvests  were  conducted  while  a  10-h  harvest 
was  conducted  in  the  activation  assay.  Chromosomal  aberrations  were  analyzed 
for  the  cultures  treated  at  the  four  highest  doses  from  which  results  could  be 
obtained  and  from  only  one  of  the  positive  control  doses.  A  summary  of  the 
treatment  schedule  for  the  chromosomal  aberrations  assay  is  given  below. 

StrMMARY  OF  CHROMOSOMAL  ABERRATIONS  ASSAY  TREATMENT  SCHEODLS  IN  HOURS 

(APPROXIMATE) 
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NAIBXZALS  MID  METHODS 
T«st  Material 

The  CTFB  trimar  acid  uaad  in  thasa  atudias  was  providad  by  tha  U.S.  Air 
Forca.  Tha  claar,  colorlass,  and  slightly  viscous  liquid  was  furthar 
idantifiad  as  ID#  10-86-63,  IRF  14240  and  storad  in  tha  dark. 

Indicator  Calls 

Tha  CHO  calls  (CHO-WBL)  uaad  in  this  assay  wars  from  a  pamianant  call 
lina  and  hava  baan  raclonad  to  maintain  karyotypic  stability.  This  call  lina 
has  an  avaraga  cycla  tima  of  12  to  14  h  with  a  modal  chromosoma  numbar  of  21. 

Call  Cultura  Madiua 

Tha  CHO  calls  wars  grown  in  McCoy's  Sa  cultura  madium  that  was 
supplemantad  with  lOt  FBS,  1%  L-glutamina,  and  1%  panicillin  and  streptomycin 
at  37*C  in  an  atmosphere  of  5%  CO2  in  air. 

Magativa  and  Solvent  Controls 

In  tha  nonactivation  assays,  negative  controls  ware  cultures  that 
contained  only  calls  and  culture  medium.  Solvent  controls  were  cultures 
containing  tha  solvent  in  place  of  tha  test  article  at  tha  same  concentration 
uaad  in  test  cultures.  In  tha  activation  assays,  tha  negative  and  solvent 
controls  ware  the  same  as  in  the  nonactivation  assays  but  the  S9  activation 
mixture  was  included. 

Positive  Control  Agents 

Tha  positive  control  agents  that  were  used  in  tha  assays  were 
mitomycin  C  (KMC)  for  tha  nonactivation  assays  and  cyclophosphamide  (CP)  for 
tha  metabolic  activation  assays.  MMC  is  a  clastogan  that  does  not  require 
metabolic  activation,  while  CP  must  first  be  converted  to  active  metabolites 
by  microsomal  ensymaa.  In  tha  SCE  assay  two  doses  of  MMC  (O.OOS  M9/ml.  and 
0.010  fjg/mL)  and  CP  (l.SO  fjg/mL  and  2.00  iig/nrL)  were  used.  In  the  chromosomal 
aberrations  assays  two  concentrations  of  MMC  (0.500  fjg/mL  and  1.00  fjg/mL,  10-h 
harvest;  0.040  pg/ml.  and  0.080  i/q/mL,  20-h  harvest)  and  CP  (25.0  fjg/mt,  and 
50.0  pg/mL)  were  used.  Only  culturee  exposed  to  one  dose  of  the  positive 
control  were  actually  analysed  in  each  of  the  SCI  and  aberration  assays. 

Slater  Chroaatid  Exchange  Assaya 

In  these  assays,  the  cells  were  cultured  for  approximately  24  h  prior  to 
treatment  by  seeding  approximately  0.8  x  10^  cells  per  75  cm^  flask  into  10  mL 
of  complete  McCoy's  Sa  cultura  medium.  8rdU  was  added  at  a  final  concen¬ 
tration  of  10  ^^H  approximately  2  h  after  the  Initial  exposure  of  the  cella  to 
tha  teat  article. 

Honactivation  Aaaayt  The  cultures  were  dosed  with  the  test  article  for 
approximately  2.5  hours  and  then  BrdU  was  added  at  a  final  concentration  of 
10  fjH.  The  cultures  were  reincubated  for  approximately  23  h.  Approximately 
2.75  h  prior  to  the  harvest  of  the  cella,  the  test  article  was  washed  from  the 
cells  with  PBS  and  fresh  culture  madium  containing  BrdU  (10  pM)  and  Colcemid 
(final  concentration  0.1  pg/mL)  was  added. 

Prior  to  the  harvest  of  the  cultures  visual  observations  of  toxicity 
were  made.  These  observations  Included  an  aaseasirvent  of  the  percent 
confluence  of  the  cell  monolayer  within  the  culture  flasks.  The  culturee  were 
also  evaluated  for  the  presence  of  mitotic  (large  rounded  cells)  or  dead  cells 
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floating  in  tha  medium.  Only  flaska  from  the  highest  seven  surviving  doses 
from  which  metaphasa  cells  for  analysis  were  expected  were  harvested  (See 
Section  on  Harvest). 

The  culture  medium  was  collected  and  centrifuged.  The  mitotic  cells 
were  fixed  and  fresh  culture  medium  was  replaced  on  the  remaining  cell 
monolayer  in  the  flasks.  A  test  slide  was  made  from  fixed  calls  treated  with 
the  highest  doses  of  teat  compound  and  stained  with  Hoachst  33258  stain  (O.S 
^g/mL  in  PBS,  pH  6.8).  The  slides  were  examined  under  ultraviolet  (UV) 
fluorescence  microscopy.  If  there  was  a  marked  call  cycle  delay,  a  second 
call  collection  was  made  following  an  additional  6  h  and  mitotic  calls  were 
harvested.  These  harvested  cells  were  differentially  stained  for  the  analysis 
of  SCE  using  a  modified  fluorescence-plus-Giemsa  (PPG)  technique  (Sea  Sections 
on  Harvest  and  Slide  Preparation  and  Staining). 


Assay  wi£/i  ttmtabolic  Activatlom  In  this  assay,  the  CHO  calls  were 
exposed  to  the  test  article  for  2  h  in  the  presence  of  a  rat  liver  S9  reaction 
mixture  (89  15  pL/mL,  NAOP  1.5  mg/mL,  and  isocitric  acid  2.7  ng/mL) .  The  89 
fraction  was  derived  from  the  livers  of  male  Sprague-Dawley  rats  treated  with 
Aroclor  1254  to  induce  the  mixed  function  oxidase  enzymes  and  purchased  from 
Molecular  Toxicology  Inc.  The  2-h  incubation  time  was  chosen  because 
prolonged  exposure  to  the  89  mixture  can  be  toxic  to  the  cells  and  enzyme 
activity  of  89  is  lost  rapidly  at  37*c.  The  medium  did  not  contain  PBS  during 
the  exposure  period  because  highly  reactive  or  short-lived  intermediates 
produced  by  the  89  enzymes  can  bind  to  serum  proteins. 

After  the  exposure  period  the  cells  were  washed  twice  with  PBS. 

Complete  McCoy's  5a  medium  containing  10  piM  BrdU  was  added  to  the  cultures 
that  were  then  incubated  for  approximately  23  h.  Colcemid  (final 
concentration  0.1  ^g/mL)  was  then  added,  the  cultures  reincubated  for 
2.5  h,  and  the  cells  harvested  and  examined  for  any  cell  cycle  delay.  Slides 
were  prepared  and  stained  as  described  for  the  nonactivation  assay.  Delayed 
fixation  was  not  required  for  any  of  the  surviving  cultures. 


Chromosoeal  Aberrations  Assay 

HonMctivation  Assay:  Cultures  were  initiated  by  seeding  approximately 
1.0  X  10  cells  (20-h  assay)  and  1.2  x  10^  cells  (10-h  assay)  per  75  cm^  flask 
into  10  mL  of  complete  McCoy's  5a  medium.  One  day  after  culture  initiation, 
the  CHO  cells  to  be  used  in  the  nonactivation  assay  were  treated  with  the  test 
article  at  predetermined  doses  for  7.25  and  17.25  h.  The  cultures  were  then 
washed  with  PBS  and  complete  medium  containing  0.1  (jg/mL  Colcemid  was  added 
back  to  the  cultures.  Two  and  one-half  hours  later  the  cells  were  harvested 
and  air-dried  slides  were  prepared  and  stained  in  5%  Oiemsa  solution  for  the 
analysis  of  chromosomal  aberrations. 


Assay  with  Mmtsbolic  Activatiom  Cultures  were  initiated  by  seeding 
approximately  1 . i  x  10  cells  per  75  cm  flask  into  10  mL  of  complete  McCoy's  5a 
medium.  One  day  after  culture  initiation,  the  cultures  were  incubated  at  37*C 
for  2  h  in  the  presence  of  the  test  article  and  the  S9  reaction  mixture  in 
McCoy's  5a  medium  without  FBS.  After  the  2-h  exposure  period  the  cells  were 
washed  twice  with  PBS  and  complete  medium  was  added  back  to  the  cultures.  The 
cells  were  incubated  for  an  additional  7.75  h  with  0.1  ^^g/mh  Colcemid  added 
during  the  last  2.5  h  of  incubation.  The  metaphase  cells  were  then  harvested 
and  prepared  for  cytogenetic  analysis. 


Barrast  Procadura 

Tha  mataphaaa  calla  ware  collactad  by  mitotic  ahake-off  (Terasima  and 
Tolmach,  1961)  and  were  treated  with  0.075  M  KCl  solution  to  swell  tha  cells 
and  disperse  tha  chromosomes.  The  cultures  were  then  fixed  with  an  absolute 
mathanol/glacial  acetic  acid  (3tl,  v/v)  fixative  and  were  washed  several  times 
before  air-dried  slides  were  prepared. 

Slide  Preparation  and  Staining 

Slides  ware  prepared  by  dropping  the  harvested  cultures  on  clean  slides. 
The  si ..’es  from  the  rangafinding  assays  were  differentially  stained  using  a 
modified  FPO  technique  (after  Parry  and  Wolff,  1974;  Goto  et  al.,  1978).  The 
slides  were  stained  in  Hoechst  332S8  stain,  exposed  to  UV  light,  and  stained 
with  Giemsa  Azure  B  stain.  Slides  for  analysis  of  chromosomal  aberrations 
ware  stained  with  5%  Giemsa  solution.  All  slides  were  then  air-dried  and 
coverslipped  using  Depex  mounting  medium. 

8CE  Analysis  and  Assay  evaluation 

Fifty  cells  per  dose  were  analyzed  from  each  of  the  top  four  doses  from 
which  sufficient  M2  metaphase  cells  were  available.  Fifty  cells  were  analyzed 
from  each  of  tha  negative  and  solvent  controls,  and  at  least  twenty  calls  were 
analyzed  from  one  of  the  positive  control  doses.  For  control  of  bias,  all 
slides  except  for  the  positive  controls  were  coded  prior  to  analysis.  Cells 
were  selected  for  scoring  on  the  basis  of  good  morphology  and  clear  sister 
chromatid  differentiation  along  the  entire  length  of  all  chromosomes;  only 
cells  with  tha  number  of  centromeres  equal  to  the  modal  number  21  ±  2  (range 
of  19-23)  were  analyzed. 

The  slides  were  also  examined  for  the  presence  of  delayed  cells,  one 
hundred  metaphase  cells  were  scanned  and  classified  as  or  M2  from 

each  dose  and  the  positive,  negative,  and  solvent  controls  to  give  an  estimate 
of  cell  cycle  inhibition.  In  those  doses  where  more  than  one  harvest  was 
conducted,  cells  were  analyzed  for  cell  cycle  kinetics  and  SCZ  from  the 
earliest  harvest  time  from  which  sufficient  M2  cells  were  available  for 
analysis.  Controls  were  analyzed  only  at  the  normal  harvest  time  (25-26  h). 
The  cell  cycle  kinetics  were  presented  as  replicative  index  (BI),  calculated 
using  the  formula  (1  x  M^  >  1.5  x  M^^  '^2xM2'^2.5x  M2^) /number  of  cells 
analyzed  (Schneider  et  al.,  1981). 

If  an  increase  in  SCS  was  observed,  one  of  the  following  criteria  must 
have  normally  been  met  to  aesess  the  compound  as  positive. 

Tvo-told  incrmaM^t  Approximately  a  doubling  in  5CB  frequency  over  the 
"background"  (solvent  and  negative  control)  levels  at  one  or  more  doses. 

Pose  response  I  A  positive  asoessment  may  be  made  in  the  absence  of  a 
doubling  of  the  SCE  frequency  if  there  was  a  statistically  significant 
increase  at  a  minimum  of  three  doses  and  evidence  for  a  positive  dose 
response. 

In  some  cases,  a  statistically  significant  increase  was  observed  with 
neither  a  doubling  nor  a  dose  response.  These  results  were  assessed  according 
to  the  magnitude  of  the  response,  and  the  proportion  of  the  doses  affected. 

Statistical  analysis  employed  a  Ounnett's  one-tailed  t-test  (Bancroft, 
1957;  Hollander  and  Wolfe,  1973)  to  compare  SCE  frequencies  in  the  tested 
cultures  with  that  of  the  negative  and  solvent  controls.  The  final  evaluation 
of  the  test  article  was  based  upon  scientific  judgment. 


40 


Abarrations  Analyais  and  Astay  Evaluation 

Calla  warn  aalectad  for  good  morphology  and  only  calla  with  tha  numbar 
of  cantromaras  agual  to  tha  modal  numbar  21  t  2  (ranga  19-23)  wara  analyzad. 
Ona  hundrad  calls,  if  posaible,  from  aach  duplicata  culturas  at  four  dosaa  of 
tha  tast  articla  and  frnn  aach  of  tha  nagativa  and  solvant  control  culturas 
wara  analyzad  for  tha  diffarent  typas  of  chromosomal  abarrations  (Evans, 

1962).  At  laast  25  calla  wara  analyzad  for  chromosomal  abarrations  from  ona 
of  tha  positiva  control  culturas.  For  control  of  bias,  all  slidas  axcept  for 
tha  positiva  controls  wara  codad  prior  to  analysis. 

Tha  following  factors  wara  takan  into  account  in  tha  evaluation  of  tha 
chromosomal  aberrations  datat 

Tha  overall  chromosomal  aberration  frequencies. 

Tha  parcantaga  of  calls  with  any  abarrations. 

Tha  parcantaga  of  calla  with  more  than  ona  aberration. 

Any  avidanca  for  increasing  amounts  of  damage  with  increasing  dose, 
i.a.,  a  positive  dose  response. 

Tha  estimated  numbar  of  breaks  involved  in  tha  production  of  tha 
different  types  of  abarrations  which  were  observed,  i.a.,  complex 
aberrations  may  have  more  significance  than  simple  breaks. 

Chromatid  and  isochromatid  gaps,  if  observed,  were  noted  in  the  raw  data 
and  wara  tabulated.  They  wara  not,  however,  considered  in  tha  evaluation  of 
tha  ability  of  tha  tast  article  to  induce  chromosomal  abarrations  since  they 
may  not  represent  true  chromosomal  breaks  and  may  possibly  be  induced  by 
toxicity. 

A  call  classified  as  ’CT"  was  considered  to  contain  10  aberrations  for 
statistical  purposes  but  a  *>"  was  also  includad  in  tha  tablas  for  this 
classification  to  indicate  that  it  was  a  minimum  numbar. 

Statistical  analysis  employed  tha  Fisher’s  Exact  Tast  with  an  adjustment 
for  multiple  comparisons  (Sokal  and  Rohlf,  1981)  to  compare  tha  parcantaga  of 
calls  with  abarrations  in  aach  treatment  group  with  tha  results  from  tha 
pooled  solvant  and  nagativa  controls  (tha  solvant  and  nagativa  controls  wara 
statistically  evaluated  for  similarity  prior  to  the  pooled  evaluation).  Tast 
article  significance  was  astablishad  where  p  s  0.01.  All  factors  as  stated 
previously  wara  taken  into  account  and  the  final  evaluation  of  tha  tast 
article  was  based  upon  scientific  judgment. 

KBStlLTS  AND  DISCUSS  ION 

Solubility,  Stability,  and  Dose  Oaterainatlon 

CTFE  trimar  acid  was  soluble  in  DHSQ  and  formed  a  clear  colorless 
solution  at  a  concentration  of  502  mg/mL.  A  half-log  series  of  concentrations 
from  0.167  to  5020  ijg/mL  was  tested  in  the  SCB  assay. 

SCE  Assay 

Nonactivation  Aaaayt  A  precipitate  was  observed  at  a  dose  of  5020  fjg/mL 
and  complete  cytotoxicity  was  observed  at  doses  of  1670  and  5020  pg/mL.  A 
slight  reduction  in  the  number  of  visible  mitotic  cells  and  an  approximately 
15%  reduction  in  the  cell  monolayer  confluence  were  observed  at  a  dose  of 
502  pig/mL.  Fluorescent  examination  of  the  cells  exposed  to  doses  of  167  and 
502  ^g/mL  indicated  the  presence  of  scxne  cell  cycle  delay.  These  cultures 
were  incubated  for  six  more  hours  and  then  harvested.  Sufficient  cells 
were  not  available  from  cultures  exposed  to  502  vg/mb,  even  after  the  delayed 
harvest,  and  only  a  sparse  number  of  metaphase  cells  were  available  for 
analysis.  Resulto  were  analyzed  from  cultures  exp>oaed  to  concentrations  of 


5.02,  16.7,  50.2,  and  167  nq/mL,  and  are  presented  in  Table  5*-l.  No 
significant  increase  in  SCK  was  observed  at  the  concentrations  analyzed.  The 
sensitivity  of  the  cell  culture  for  induction  of  SCE  was  demonstrated  by  the 
increased  frequency  of  SCE  in  the  cells  exposed  to  the  positive  control  agent. 
CTFB  trimer  acid  was  considered  negative  for  inducing  SCE  under  conditions  of 
nonact ivat ion . 

Assay  Vith  Mmtabolic  Activation t  A  precipitate  was  observed  after 
dosing  and  complete  cytotoxicity  was  observed  prior  to  harvest  at  a  dose  5020 
Ijg/mL.  A  slight  reduction  in  the  number  of  visible  mitotic  cells  and  an 
approximately  15%  reduction  in  the  cell  monolayer  confluence  was  observed  at  a 
dose  of  1670  fjg/mL.  Fluorescent  examination  of  the  cells  on  the  slides 
prepared  at  a  dose  of  1670  fjg/mL  indicated  no  cell  cycle  delay.  Results  were 
analyzed  from  cultures  exposed  to  50.2,  167,  502,  and  1670  fug/mL  and  are 
presented  in  Table  5-2.  A  weakly  significant  increase  in  SCE  was  observed  at 
a  dose  of  1670  pg/mL.  There  was  no  apparent  dose  response  and  the  observed 
increase  in  SCE  was  very  slight  and  was  within  the  limits  of  historical 
control  data  for  DMSO  (6.46  to  10.90).  Therefore,  the  increase  was  not 
considered  significant.  The  successful  activation  of  the  metabolic  system  was 
demonstrated  by  the  increased  frequency  of  SCE  In  the  cells  induced  with  the 
positive  control  agent.  The  teat  article  was  therefore  considered  negative 
for  inducing  SCE  under  conditions  of  metabolic  activation. 

TABLE  5-1.  SISTER  CHROMATID  EXCHANGE  IN  CHO  CELLS  NITHOUT 
METABOLIC  ACTIVATION  OF  CTFB  TRIMER  ACID 


0o«e 

A3/M. 

Total 

Call  a 

Scored 

•  of 

Chroeo- 

aoaea 

§  of 

IGE 

SCE/ 

Chroam- 

SCE/Cel t 

Mean  t  SE 

Rt 

X  SCE 

Increase 

Over  Solvent 

Confluence 

X  Solvent 

Control 

ScCoya  5e 

50 

10M 

362 

0.35 

7.24  t  0.32 

1.91 

OSSO* 

50 

1032 

394 

0.38 

7.88  t  0.34 

1.73 

100 

MHC 

0.005 

20 

412 

553 

1.34 

27.65  *  1.62* 

1.84 

252 

100 

TRIMER  AGIO 

5.02 

50 

1041 

413 

0.40 

8.26  t  0.40 

1.71 

4 

100 

TRIMER  AGIO 

16.7 

50 

1036 

372 

0.36 

7.44  t  0.33 

1.76 

100 

TRIMER  AGIO 

50.2 

50 

1040 

395 

0.38 

7.90  t  0.34 

1.78 

100 

TRIMER  AGIO 

167 

50 

1033 

436 

0.42 

8.72  t  0.36 

1.46 

11 

100 

TRIMER  AGIO 

502** 

1.13 

86 

”  Coocentrstf on  of  OHSO  •  IX  v/v. 

•  Significantly  greater  than  the  solvent  control,  p  <  0.05. 
•♦Toxic  doae. 
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XJUOJS  5-3.  8ZSTEK  CHKONAIZD  BZCBANOB  ZB  CHO  CELLS  WZIH 
NBXABOLZC  ACTZVAIZOB  OF  CTFB  TRZMBR  ACZD 


Doss 

AB/si 

Totsl 

Cslls 

Scored 

i  of 

Chroeo- 

toess 

•  of 

SCE 

SCE/ 

Chroso- 

soae 

SCE/CsK 

Mssn  t  SE 

R1 

X  SCE 

Incrssss 

Over  Solvent 

Confluence 

X  Solvent 

Control 

McCoys  5s 

50 

1037 

370 

0.36 

7.40  t  0.32 

1.86 

DMSO* 

50 

1040 

421 

0.40 

8.42  *  0.45 

1.87 

100 

a> 

1.50 

20 

411 

633 

1.54 

31.65  *  2.13* 

1.77 

280 

100 

TRIMER  ACID 

50.2 

50 

1039 

434 

0.42 

8.68  S  0.35 

1.88 

3 

100 

TRIMER  ACID 

167 

50 

1042 

384 

0.37 

7.68  t  0.37 

1.81 

100 

TRIMER  ACID 

502 

50 

1035 

447 

0.43 

3.94  *  0.40 

1.81 

7 

100 

TRIMER  ACID 

1670 

50 

1039 

483 

0.46 

9.66  1  0.43* 

1.83 

15 

86 

TRIMER  ACID 

5020** 

<7 

*  Concentration  of  DMSO  ■  IX  v/v. 

*  Significantly  greater  than  the  lolvent  control,  p  <  O.OS. 
"Toxic  dose. 


Chroawaoauil  Abarrationa  Aaaay 

Vonactivation  aaaayt  Bacauaa  aavera  cell  cycle  delay  was  observed  at 
doses  of  167  and  502  ^g/mL  (Table  5-1)  a  10-h  harvest  was  conducted  in  the 
nonactivation  aberration  assay  that  tested  doses  of  49.8,  74.7,  and  99.6 
itq/xaL,  and  a  20-h  harvest  was  conducted  that  tested  doses  of  101,  254,  507, 
761,  and  1010  pg/mL. 

Zn  the  10-h  essay,  a  alight  reduction  in  the  number  of  visible  mitotic 
cells  was  observed  at  doses  of  74.7  and  99.6  )ig/mL.  Since  four  doses  were 
available  for  analysis  from  the  20-h  assay,  these  cultures  were  not  analyzed. 

Zn  the  20-h  assay  floating  dead  cells,  a  severe  reduction  in  the  number 
of  visible  mitotic  cells,  and  an  approximately  30%  reduction  in  the  cell 
monolayer  confluence  was  observed  at  a  dose  of  1010  /jg/mL.  A  reduction  in  the 
number  of  visible  mitotic  cells  was  observed  at  a  dose  of  761  pg/mL,  and  a 
slight  reduction  in  the  number  of  visible  mitotic  calls  was  observed  at  a  dose 
of  507  pg/mL.  Results  were  analyzed  from  cultures  exposed  to  dooes  of  254, 
507,  761,  and  1010  pg/mL  (results  pooled  from  the  replicate  cultures  are 
presented  in  Table  5-3,  and  results  from  individual  cultures  are  presented  in 
Table  5-4).  No  significant  increase  in  cells  with  chromosomal  aberrations  was 
observed  at  the  concentrations  analyzed.  The  sensitivity  of  the  cell  culture 
for  induction  of  chromosomal  aberrations  was  demonstrated  by  the  increased 
frequency  of  aberrations  in  the  cells  exposed  to  the  positive  control  agent. 
The  test  article  was  therefore  considered  negative  for  inducing  chromosomal 
aberrations  under  nonactivation  conditions. 

Aaaay  With  Metabolic  Activationt  Only  insignificant  cell  cycle  delay  was 
observed  at  the  doses  analyzed  (Table  5-2).  Based  on  these  cell  cycle 
kinetics,  a  10-h  harvest  was  conducted  that  tested  doses  of  249,  374,  498, 

1250,  2490,  3740,  and  4980  pg/mL. 

A  slightly  cloudy  cell  culture  medium,  an  unhealthy  cell  monolayer,  an 
approximately  75%  reduction  in  the  coll  monolayer  confluence,  floating  dead 
cells  and  debris,  and  a  severe  reduction  in  the  number  of  visible  mitotic 
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evils  was  observed  at  a  dose  of  4980  /ig/ml..  Only  dead  cells  were  available  on 
the  slides  prepared  from  these  cultures.  An  unhealthy  cell  monolayer,  an 
approximately  75%  reduction  in  the  call  monolayer  confluence,  floating  dead 
cells  and  debris,  and  a  severe  reduction  in  the  number  of  visible  mitotic 
cells  was  observed  at  a  dose  of  3740  pg/mL,  and  again  only  dead  cells  were 
available  on  the  slides  prepared  from  these  cultures.  An  unhealthy  cell 
monolayer,  an  approximately  50%  reduction  in  the  call  monolayer  confluence, 
and  a  reduction  in  the  number  of  visible  mitotic  cells  were  observed  at  a  dose 
of  2490  fjg/mL.  Results  were  analyzed  from  cultures  exposed  to  374,  498,  1250, 
and  2490  /jg/mL  (results  pooled  from  the  replicate  cultures  are  presented  in 
Table  5-5,  and  results  from  individual  cultures  are  p.-asented  in  Table  5-6). 

No  significant  increase  in  cells  with  chromosomal  aberrations  was  observed  at 
the  doses  analyzed,  except  at  a  dose  of  2490  ^g/mL.  This  dose  induced  severe 
toxicity  and  only  56  and  75  cells,  respectively,  were  available  from  the 
replicate  cultures.  The  increase  observed  in  one  of  the  cultures  was  weak  and 
was  not  observed  in  the  other.  Thus  the  increase  was  probably  due  to  the 
severe  cytotoxicity,  rather  than  true  clastogenicity.  The  successful 
activation  of  the  metabolic  system  was  illustrated  by  the  increased  incidence 
of  cells  with  chromosomal  aberrations  in  the  cultures  Induced  with  CP,  the 
positive  control  agent.  The  test  article  was  considered  negative  for  inducing 
chromosomal  aberrations  under  conditions  of  metabolic  activation. 


TABLE  5-3.  CHROMOSOME  ABERRATIONS  IN  CHO  CELLS  WITHOUT 
METABOLIC  ACTIVATION  OP  CTPE  IRIMER  ACID 
(RESULTS  POOLED  PROM  DUPLICATE  CULTURES) 


Cells 

Scored 

NietMr  and  Type  of  Aberration 

No.  of 

Aberra¬ 

tions 

Par  Call 

X  Calls 

with 

Aberra¬ 

tions 

X  Calls 

with  >1 

Aberra¬ 

tion 

Not 

Computed 

Simple 

Coaelex 

Other 

10 

SO  UC 

Tl 

SI  DM 

ID  T(  OR  0  R 

Cl  GT 

Media  *  ONSO 

200 

7 

2 

2 

1 

0.02 

1.5 

0.0 

MHC 

25 

3 

2 

4 

4 

3  4 

0.60 

52.0* 

8.0« 

(0.040  ng/mL) 

Test  Article 

254  iig/irL 

200 

6 

4 

1 

0.01 

0.5 

0.0 

507  itg/irL 

200 

6 

1 

1 

1 

0.01 

1.0 

0.0 

761  sg/nt 

200 

10 

2 

1 

0.01 

0.5 

0.0 

1010  pg/mL 

200 

9 

3 

1 

5 

1  1 

0.04 

2.5 

0.5 

•  Significantly  greater  than  the  pooled  negative  and  solvent  controls,  p  <  0.01. 
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TABLB  5-4.  CHROMOSOME  ABSRRAXIOHS  IM  CHO  CELLS  WITHOUT 
METABOLIC  ACTIVATION  OF  CTFE  TRIMER  ACID 
(RESULTS  FROM  INDIVIDUAL  CULTURES) 

Nunbar  and  Typ*  of  Aberration 


Cells 

Scored 

Not 

Computed 

Simple 

CoaptCN 

Other 

No.  of 
Aberra- 

X  Celts 

with 

ak..........  _ 

X  Cells 

with  >1 

TG 

SG  UC 

TB 

SB  ON 

ID  TR 

OR  0  R 

Cl  GT 

Per  Cell  tions 

Aberra¬ 

tion 

Controls 

McCoy's  5a 

100 

3 

2 

0.02 

2.0 

0.0 

IX  v/v  DMSO 

100 

4 

2 

1 

0.01 

1.0 

0.0 

MHC 

(0.040  iL3/vi.) 

25 

3 

2 

4 

4 

3 

4 

0.60 

52.0* 

8.0* 

Test  Article 

254  iig/nt  A 

100 

2 

3 

0.00 

0.0 

0.0 

B 

100 

4 

1 

1 

0.01 

1.0 

0.0 

507  A9/mL  A 

100 

2 

1 

0.00 

0.0 

0.0 

B 

100 

4 

1 

1 

0.02 

2.0 

0.0 

761  Ag/fflL  A 

100 

5 

1 

0.01 

1.0 

0.0 

B 

100 

5 

2 

0.00 

0.0 

0.0 

1010  A9/mL  A 

100 

4 

2 

0.00 

0.0 

0.0 

a 

100 

5 

1 

1 

5 

1 

1 

0.08 

5.0 

1.0 

•  Significantly  greater  than  the  pooled  negative  and  tolvent  controla,  p  <0.01. 

TABLE  5-5.  CHROMOSOME  ABERRATIONS  IN  CHO  CELLS  WITH 
METABOLIC  ACTIVATION  OF  CTFE  TRIMER  ACID 
(RESULTS  POOLED  FROM  DOI>LICATE  CULTURES) 

Nuiter  and  Type  of  Aberration 

Not  No.  of  X  Cells  X  Cells 

Computed  Simple  Conplex  Other  Aberra-  with  with  >1 

Cells  -  tions  Aberra-  Aberra- 

Scored  TO  SO  UC  TB  SB  ON  ID  TR  ON  0  R  Cl  CT  Per  Cell  tions  tion 

Media  and  DHSO  200  2  2  1  0.01  O.S  0.0 

CP  25  5  28  I  0.52  28.0*  16.0* 

(25(tg/mt) 

Test  Article 

374  A9/mL  200  9  2  1  1  0.01  1.0  0.0 

498  (ig/mt  200  5  I  1  1  0.01  1.0  0.0 

1250  /ig/mt  200  4  1  0.00  0.0  0.0 

2490  A9/ml.**  131  17  7  1  2  3  2  2  1  0.08  6.1*  1.5 

3740  Ag/mt*** 

•  Significantly  greater  than  the  pooled  negative  and  solvent  controls,  p  <  0.01. 

••  Nearly  toxic  dose.  Only  131  cells  available  for  analysis  from  the  replicate  cultures. 

•**Toxic  dose. 
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ZABLB  S-6.  CHROMOSOME  ABBRRAIIOMS  IN  CBO  CELLS  WITH 
•  METABOLIC  ACTIVATION  OF  CTFE  TRIMER  ACID 
(RESULTS  PROM  INDIVIDUAL  CULTURES) 


Cells 

Scored 

Nui>er  and  Type  of  Aberration 

No.  of 

Aberra- 

X  Cells 

with 

X  Cells 

with  >1 

Abspi  9 

Not 

Computed 

Simple 

Conplex 

Other 

TO 

SO 

uc 

TS 

sa  DM 

ID  TR  OR  D  R 

Cl  ST 

Per  Cell  tions 

tion 

McCoy's  Sa 

100 

2 

0.00 

0.0 

0.0 

OMSO  IX  v/v 

100 

1 

0.01 

1.0 

0.0 

CP 

25 

5 

2 

a 

3 

0.52 

28.0* 

16.0S 

(25p3/nl) 

Test  Article 

374  Ag/mL 

A 

100 

2 

1 

0.00 

0.0 

0.0 

a 

100 

7 

1 

1  1 

0.02 

2.0 

.  0.0 

498  pg/nl 

A 

100 

3 

1 

0.00 

0.0 

0.0 

a 

100 

2 

2 

1 

1 

0.02 

2.0 

0.0 

1250  pg/nl 

A 

100 

4 

0.00 

0.0 

0.0 

a 

100 

1 

0.00 

0.0 

0.0 

2490  ag/mi. 

A^*  56 

5 

1 

1 

1 

1 

0.04 

3.6 

0.0 

a*^  75 

12 

6 

2 

2 

1  2  1 

0.11 

8.0 

2.7 

3740  ag/M.*** 

*  Significantly  greater  than  the  pooled  negative  and  solvent  controls,  p  <  0.01. 

**  Nearly  toxic  dose.  Only  56  and  75  cells  available  for  analysit  froai  the  replicate  cultures. 
•♦•Toxic  dose. 


CONCLUSION 

CTFE  trimer  acid  was  considered  negative  for  Inducing  SCE  and 
chromosomal  aberrations  In  CHO  cells  under  boch  the  metabolic  activation  and 
nonactivation  conditions  of  this  assay. 
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APPENDIX  S-A 


DEFINITIONS  OF  CHROMOSOME  ABERRATIONS  FOR  OIEMSA  STAINED  CELLS 


NOT  COMPimSD 
TG  Chromatid  Gap: 


SG  Chromosome  Gap: 


("tid  gap”).  An  achromatic  (unstained)  region  in 
one  chromatid,  the  size  of  which  is  equal  to  or 
smaller  than  the  width  of  a  chromatid.  These  are 
noted  but  not  usually  included  in  final  totals  of 
aberrations  as  they  may  not  all  be  true  breaks. 

("isochromatid  gap,  IG”).  Same  as  chromatid  gap 
but  at  the  same  locus  in  both  sister  chromatids. 


OC  Uncoiled  Chromosome: 


Failure  of  chromatin  packing.  Probably  not  a  true 
aberration. 


PP  Polyploid  cell; 


A  cell  containing  multiple  copies  of  the  haploid 
number  (n)  of  chromosomes.  Only  indexed  if  very 
common.  Not  counted  in  the  cells  scored  for 
aberrations. 


E  Endoreduplication: 


4n  cell  in  which  separation  of  chromosome  pairs 
has  failed.  Only  indexed  if  very  common.  Not 
counted  in  the  cells  scored  for  aberrations. 


SIMPLE 

TB  Chromatid  Break: 


An  achromatic  region  in  one  chromatid,  larger  than 
the  width  of  a  chromatid.  The  associated  fragment 
may  be  partially  or  completely  displaced. 


SB  Chromosome  Break: 


Chromosome  has  a  clear  break,  forming  an  abnormal 
(deleted)  chromosome  with  an  acentric  fragment 
(AF)  that  is  dislocated.  This  classification  now 
includes  the  AF.  The  AF  was  different  from  _ne  SB 
only  in  that  it  was  not  apparently  related  to  any 
specific  chromosome. 


DM  "Double  Minute" 
fragment: 


These  are  small  double  dots,  some  of  which 
are  terminal  deletions  and  some  interstitial 
deletions  and  probably  small  rings.  Their  origins 
are  not  distinguishable. 


COMPLEX 

ID 


Interstitial  Deletion;  Length  of  chromatid  "cut 
out"  from  midregion  of  a  chromatid  resulting  in  a 
small  fragment  or  ring  lying  beside  a  shortened 
chromatid  or  a  gap  in  the  chromatid. 


TR  Triradial: 


QR  Quadriradial: 


An  exchange  between  two  chromosomes,  or  one 
chromosome  and  an  acentric  fragment,  which  results 
in  a  three-armed  configuration. 

As  triradial,  but  resulting  in  a  four-armed 
configuration. 
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CR  Complex  Rearrangement  I  An  exchange  among  more  than  two  chromosomee  or 

fragments  which  is  the  result  of  several  breaks. 


D  Dicentric: 

DF 

TC  Tricentric: 


QC  Quadricentric: 
PC  Pent acentric: 

HC  Hexacentric: 


An  exchange  between  two  chromosomes  which  results 
in  a  chromosome  with  two  centromeres.  This  is 
often  associated  with  an  acentric  fragment  in 
which  case  it  is  classified  as  OF. 

Dicentric  with  fragment. 

An  exchange  involving  three  chromosomes  and 
resulting  in  a  chromosome  with  three  centromeres. 
Often  associated  with  two  to  three  AF.  Such 
exchanges  can  involve  many  chromosomes  and  are 
named  as  follows: 

four  centromeres,  up  to  four  AF 

five  centromeres,  up  to  five  AF 

six  centromeres,  up  to  six  AF 


R  Ring: 

RC  Ring  Chromatid: 
RF 

Cl  Chromosome 

Intrachange: 

T  Translocation; 

AB 


OTHER 

GT/> 


A  chromosome  which  forms  a  circle  containing  a 
centromere.  This  is  often  associated  with  an 
acentric  fragment  in  which  case  it  is  classed  as 
RF. 

Single  chromatid  ring  (acentric). 

Ring  with  associated  acentric  fragment. 

Exchange  within  a  chromosome;  e.g.,  a  ring  that 
does  not  include  the  entire  chromosome. 

Obvious  transfer  of  material  between  two 
chromosomes  resulting  in  two  abnormal  chromosomes. 
When  identifiable,  scored  as  "T*  not  "2Ab." 

Abnormal  monocentric  chromosome.  This  is  a 
chromosome  whose  morphology  is  abnormal  for  the 
karyotype,  and  often  the  result  of  a 
translocation,  pericentric  inversion,  etc. 
Classification  used  if  abnormality  cannot  be 
ascribed  to;  e.g.,  a  reciprocal  translocation. 


A  cell  which  contains  more  than  10  aberrations, 
heavily  daimaged  cell  should  be  analyzed  to 
identify  the  types  of  aberrations  and  may  not 
actually  have  >10,  e.g.,  multiple  fragments  such 
as  those  found  associated  with  a  tricentric. 
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MOTAOENZCITT  TEST  ON  CT7B  TRIHER  ACZO 
ZN  THE  IN  VIVO/IN  VITRO  RAT  PRZMARY  HEPATOCYTE 
ONSCHEOUZJSO  ONA  SYNTHESZS  AND  8>PHASE  ZNDUCTZON  ASSAYS 

M.  A.  Cifon* 

ABSTRACT 

Zn  the  In  Vivo/In  Vitro  Rat  Primary  Hepatocyta  UDS  assay,  CTFE  trimer 
acid  did  not  Induce  significant  changes  in  the  nuclear  labeling  of  rat 
hepatocytes  over  a  dose  range  of  24.8  to  198  mg/kg.  Three  male  F-344  rats 
were  treated  by  oral  gavage  at  each  of  four  doses  with  the  test  material 
dissolved  in  corn  oil.  About  16.0  h  after  treatment  with  the  test  material, 
primary  hepatocyte  cultures  were  prepared.  Viabilities  of  the  hepatocytes 
obtained  ranged  from  83.3  to  93.8%.  After  attachment  of  the  hepatocytes  to 
the  culture  plates,  the  cultures  were  incubated  with  10  pCi/mL  '^HTdr, 

(45  Ci/mmole)  for  4  h.  The  cultures  were  prepared  for  analysis  of  nuclear 
labeling  16.4  h  after  removal  of  the  radioactivity  and  addition  of  0.25  mM 
unl2dDeled  thymidine.  None  of  the  criteria  used  to  indicate  UDS  were  met  and 
no  dose-related  response  was  observed.  CTFE  trimer  acid  was  evaluated  as 
inactive  in  the  UDS  assay.  Although  UDS  activity  was  not  observed  at  the  16-h 
timopoint,  a  significant  elevation  in  S-phase  DNA  synthesis  that  met  the 
criteria  for  a  positive  response  was  observed  and  addressed  as  part  of  the 
S-phase  induction  assay.  The  increase  in  replicative  DNA  synthesis  indicated 
activity  in  the  S-Phase  Induction  assay. 

In  the  In  Vivo/In  Vitro  Rat  Primary  Hepatocyte  DNA  Synthesis  (S-’’hase) 
Induction  assay,  CTFE  trimer  acid  did  not  induce  a  significant  increases  in 
the  number  of  S-phase  cells  over  a  dose  range  of  24.8  to  198  mg/Jcg.  At  least 
three  male  F-344  rats  were  treated  by  oral  gavage  at  each  of  four  doses  with 
the  test  material  dissolved  in  corn  oil.  About  48  h  later,  primary  hepatocyte 
cultures  were  prepared  for  S-phase  analysis.  Viabilities  of  the  hepatocytes 
prepared  for  S-phase  analysis  ranged  from  76.3  to  96.2%.  After  attachment, 
the  cultures  were  incubated  with  10  ^Ci/mL  ^HTdr  (45  Ci/mmole)  for  4  h.  The 
cultures  were  prepared  for  analysis  of  labeling  17.0  to  17.7  h  after  removal 
of  the  radioactivity  and  addition  of  0.25  mM  thymidine.  While  none  of  the 
treatments  with  the  test  article  caused  a  significant  elevation  in  the  level 
of  S-phase  cells  at  the  48-h  timepoint,  a  significant  elevation  in  S-phase  was 
observed  in  treated  cultures  at  the  16-h  timepoint.  The  elevation  occurred  in 
all  three  rats  treated  with  198  mg/kg  and  in  two  of  three  rats  treated  with 
either  99  mg/kg  or  49.5  mg/kg.  The  test  material  was  therefore  evaluated  as 
active  in  the  DNA  Synthesis  (S-Phase)  Induction  Assay. 

INTRODUCTION 

These  assays  were  designed  to  measure  UDS  or  S-phase  (replicative  DNA 
synthesis)  in  rat  liver  cells  using  the  techniques  described  by  Williams 
(1980).  Fresh  hepatocytes  obtained  from  rat  liver  will  attach  to  a  surface  in 
culture  and  continued  to  metabolize  for  several  days  without  undergoing  cell 
division.  Only  a  small  percentage  of  t**®  cells  will  enter  S-phase. 

Therefore,  if  "^HTdr  is  introduced  ’  ,ie  culture  medium,  little  or  no  label 

will  be  incorporated  into  nuclear  uwn.  Pretreatment  of  rats  with  a  test 
material  that  interacts  with  the  DNA  will  stimulate  a  repair  response  in  which 
the  altered  portion  of  DNA  is  excised  and  the  missing  region  replaced  by  DNA 
synthesis.  This  synthesis  of  DNA  by  nondividing  cells  is  known  as  UDS  and  can 
be  measured  by  determining  the  amount  of  ^HTdr  incorporated  into  DNA.  This 
measurement  of  DNA  repair  appears  to  correlate  very  well  with  the  known 
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muta9«nlc  or  carcinogenic  activities  of  chetnicala  (Williams,  1960).  The  use 
of  autoradiographic  techniques  affords  simultaneous  Rieasurements  of  UDS  and 
S-phase  in  hepatocyta  cultures  because  S-phase  cells  are  very  heavily  labeled 
and  easily  distinguished  from  lightly  labeled  cells  exhibiting  UOS. 
Hepatotoxicants  such  as  carbon  tetrachloride  and  dinitrotoluene  induce  an 
increase  in  cell  proliferation  to  replace  necrotic  tissue  (Butterworth  et  al., 
1987;  Mirsalis  and  Butterwort'i,  1982).  Other  compounds  may  induce  S-phase 
synthesis  in  the  absence  of  hepatotoxicity. 

The  objective  of  this  assay  was  to  detect  DNA  damage  caused  by  the  test 
material,  or  an  active  metabolite,  by  measuring  UDS  or  S-phase  induced  in  rat 
primary  hepatocytes  in  vivo.  The  existence  and  degree  of  ONA  damage  was 
inferred  from  an  increase  in  net  nuclear  grain  (NK3)  counts  in  hepatocytes 
obtained  from  treated  animals  when  compared  to  those  from  untreated  animals. 
The  types  of  DNA  damage  are  unspecified  but  must  be  recognizable  by  the 
cellular  repair  system  and  result  in  the  incorporation  of  new  bases 
(including  ^HTdr)  into  DNA  during  a  short  in  vitro  culture  period. 

Quantitation  of  cells  in  S-phase  has  been  shown  to  be  useful  for  the 
evaluation  of  chemicals  that  may  cause  increased  cell  proliferation  in  the 
liver  (Butterworth  et  al.,  1987). 

MATERIALS  AND  METHODS 

Indicator  Cells 

The  indicator  cells  for  the  UDS  assay  were  hepatocytes  obtained  from 
adult  male  F-344  rata  weighing  from  180.5  to  199.6  g,  purchased  from  Charles 
River  Breeding  Laboratories,  Inc.  The  animals  used  for  the  S-phase  assay  were 
obtained  from  the  same  supplier  and  weighed  from  180.0  to  203.9  g.  The 
animals  were  fed  Purina  Certified*^  Rodent  Chow  (Formula  5002)  and  water  ad 
libitum.  Animals  were  identified  by  ear  tag  afte^.-  random  assignment  to  the 
study  and  were  quarantined  a  minimum  of  five  calendar  days  prior  to  use. 

Animals  were  anesthetized  prior  to  surgery  using  60  mg/kg  pentobarbital 
and  were  exsanguinated  during  the  liver  perfusion.  The  cells  were  obtained  by 
perfusion  of  the  livers  in  situ  with  media  containing  type  II  collagenase. 
Monolayer  cultures  were  established  in  culture  dishes  and  were  used  the  same 
day  for  analysis  of  the  UDS  or  S-phase  activity.  All  cultures  were  maintained 
as  monolayers  at  37®c  in  a  humidified  atmosphere  containing  approx¬ 
imately  5%  CO2. 

Media 

The  cell  cultures  were  established  in  Willieuns’  Medium  E  supplemented 
with  10%  FBS,  2  mM  L-glutamine,  100  pg/mL  streptomycin  sulfate,  and  150  tdg/tiH. 
gentamycin  (WME+).  WKE+  without  serum  is  referred  to  as  WMEI.  After  the 
establishment  period,  cultures  were  refed  with  WMEI  containing  10  pCi/mL 
^HTdr,  (WMEI-treat) . 

Controls 

A  vehicle  control  consisting  of  a  minimum  of  three  rats  treated  with 
corn  oil  by  oral  gavage  was  p>erformed  in  all  cases  and  at  all  timepjoints.  The 
dosing  volumes  did  not  exceed  2.03  mL/kg  (a  target  of  2.0  mL/kg  ±  10%). 

The  positive  control  article  used  is  ..'.own  to  induce  UDS  in  vivo  in  rat 
hepatocytes.  DMN,  delivered  by  ip  injection  at  approximately  15  mg/kg  was 
used  for  the  UDS  timepxjint.  For  the  S-phase  timepxsint,  DMN  v;aa  administered 
by  ip  injection  at  20  mg/kg. 
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X«st  Artlcl* 

CT7B  triaer  acid  was  obtained  from  tha  D.S.  Air  Force  and  was  identified 
as  ZO#  10-86-63,  IR#  14?40.  Tha  clear,  colorless,  and  slightly  viscous  liquid 
was  stored  in  the  dark  in  its  original  container. 

Dosing  Procedure 

For  both  the  UDS  and  S-phase  assays,  rats  were  treated  by  oral  gavage 
with  tha  test  article  solubilized  in  corn  oil.  Tha  total  volume  of  tha  test 
article  solution  administered  did  not  exceed  2.03  mL/kg  (target  of  2.0  mL/kg  t 
10%).  OMN  was  solubilized  in  sterile  deionized  water  and  dosed  as  described 
previously.  Fresh  preparations  of  test  article  in  vehicle  were  used  for  all 
testing  purposes. 

Dose  Selection  and  Perfusion  Tine 

For  the  DOS  assay,  the  highest  dose  selected  was  198  mg/kg.  Three 
additional  doses  of  test  naterial  t<ere  prepared  using  approximate  2-fold 
dilutions  and  a  miniimim  of  3  animals  per  dose.  The  timepoint  for  harvesting 
hepatocytes  for  the  ODS  assay  was  16.0  to  16.3  h  after  the  administration  of  a 
single  dose  of  the  test  article  by  oral  gavage. 

A  dose  of  198  mg/kg  was  selected  as  the  maximum  dose  for  the  S-phase 
induction  assay.  Three  additional  doses  of  test  material  were  prepared  using 
approximate  2-fold  dilutions  and  a  minimum  of  3  animals  per  dose.  S-phase 
analysis  was  performed  at  47.0  to  48.3  h  after  the  administration  uf  a  single 
dose  of  the  test  article  by  oral  gavage. 

in>8  and  S-Phase  Assays 

These  assays  were  based  on  the  procedures  described  by  Williams  (1980), 
Mirsalia,  Tyson,  and  Butterworth  (1982),  and  Butterworth  et  al.  (1987).  The 
hepatocytes  for  both  assays  were  obtained  by  perfusion  of  livers  In  situ  for 
two  to  four  min  with  Hanks'  balanced  salts  (Ca^^  -  Mg^^-free)  containing 
0.5  mM  ethyleneglycol-bis  (O-aminoethyl  ether)-N,  H-tetraacetic  acid,  and 
HZPES  buffer  at  pH  7.2.  Following  this  WMZl  containing  50-100  U/mL  of  Type  IZ 
collagenase  was  perfused  through  the  liver  for  10  to  11  min.  The  hepatocytes 
were  obtained  by  mechanical  dispersion  of  excised  liver  tissue  in  a  culture 
dish  containing  the  WMZZ  culture  medium  and  collagenase.  The  suspended  tissue 
and  cells  were  allowed  to  settle  to  remove  cell  clumps  and  debris.  The  cell 
suspension  was  centrifuged  and  the  cell  pellet  resuspended  in  WMS-*-.  After 
obtaining  a  viable  cell  count,  a  series  of  35-mm  culture  dishes  (at  least  6 
per  animal  containing  a  2S-mm  round,  plastic  coverslip  and  at  least  2  per 
animal  to  assess  attachment  efficiency)  was  inoculated  with  approximately 
0.5  X  10”  viable  cells  in  3  ml.  of  WME>  per  dish. 

An  attachment  period  of  1.5  to  2  h  at  37*c  in  a  humidified  atmosphere 
containing  5%  CO2  was  used  to  establish  the  cell  cultures.  Unattached  cells 
were  then  removed  and  the  cultures  were  refed  with  2.5  ml.  WME-treat.  Any 
remaining  cultures  were  kept  for  analysis  in  the  event  of  technical  problems 
with  autoradiography.  Attachment  efficiency  was  determined  for  two  cultures 
from  each  animal  using  trypan  b'ue  dye  exclusion  and  in  situ  analysis. 

After  a  labeling  period  of  4  h  labeled  cultures  were  refed  with  WMEI 
containing  0.25  mM  unlabeled  thymidine.  The  cells  wore  returned  to  the 
incubator  for  16  to  20  h.  After  the  incubation  period,  the  hepatocyte  nuclei 
were  swollen  by  addition  of  1%  sodium  citrate  to  the  coverslips  (containing 
the  cell  monolayers)  for  10  min.  The  cells  were  fixed  in  acetic  acldiethanol 
(1:3)  and  dried  for  at  least  24  h.  The  fixed  coverslips  were  mounted  on  glass 
slides,  dipped  in  Kodak  NT82  emulsion,  and  dried.  The  emulsion  coated  elides 
were  stored  for  seven  days  (for  UDS  assay)  or  eight  days  (for  S-Phase  assay) 


at  4*C  in  light-tight  boxes  containing  Drierite.  The  emulsions  ware  then 
developed  in  019,  fixed,  and  stained  with  Williams'  modified  hematoxylin  and 
aosin  procedure. 

For  the  UDS  assay  the  cells  were  examined  microscopically  at 
approximately  ISOOx  magnification  under  oil  immersion  and  the  field  was 
displayed  on  the  video  screen  of  an  automatic  counter.  UDS  was  measured  by 
counting  nuclear  grains  and  subtractin  •  thw  average  number  of  graini  in  three 
nuclear-sized  areas  adjacent  to  each  nucleus  (background  count).  Th  s  value 
is  referred  to  as  the  NNG  count.  The  coverslips  were  coded  to  prevrint  bias  in 
grain  counting. 

The  NNG  count  was  determined  for  fifty  randomly  selected  cells  on  each 
coverslip  analyzed  for  UDS,  unless  otherwise  indicated.  The  cells  were 
counted  by  positioning  the  slide  under  the  microscope  in  the  upper  right 
section  of  the  slide  and  noting  the  vertical  vernier.  The  first  ten 
analyzable  cells  were  counted  moving  the  field  to  the  left.  After  counting 
ten  cells,  the  slide  was  moved  vertically  to  another  position  and  counting 
resumed.  This  process  was  repeated  until  fifty  cells  on  the  slide  were 
counted.  Only  normally  appearing  nuclei  ware  scored,  and  any  occasional 
nuclei  blackened  by  grains  too  numerous  to  count  were  excluded  as  calls  in 
which  replicative  DNA  synthesis  occurred  rather  than  repair  synthesis.  The 
mean  NNG  count  was  determined  from  triplicate  coverslips  (ISO  total  nuclei) 
for  each  animal  and  from  at  least  two  animals  per  treatment  condition. 

Calls  undergoing  DNA  replication  were  easily  distinguished  from 
nonreplicating  cells  in  autoradiographic  preparations.  For  the  S-phasa  time 
point  (48  h),  the  percentage  of  cells  in  S-phase  (%S)  was  calculated  manually 
as  those  cells  exhibiting  nuclei  blackened  by  grains  too  numerous  to  count. 

At  least  2000  colls  were  counted  from  randomly  selected  areas  of  each  slide. 
Replicating  and  nonreplicating  calls  were  counted  separately  using  a 
two-position  hand  counter,  for  each  dose,  6000  cells  were  scored  for  each  of 
3  animals  (18,000  total  cells  per  dose),  unless  indicated  otherwise. 

lUSSUtTS  AND  DISCUSSION 

UDS  Assay 

CTFF  trimer  acid  was  dissolved  in  corn  oil  at  concentrations  ranging 
from  12.7  to  102  mg/mL.  All  dosing  stocks  were  individually  prepared  just 
prior  to  use.  The  test  material  appeared  to  form  a  clear,  colorless  solution 
in  the  vehicle.  For  the  UDS  assay,  groups  of  three  rats  were  each  dosed  with 
98,  99.0,  49.4,  or  24.8  mg/kg  of  test  article  in  volumes  that  did  not  exceed 
2.03  mL/kg. 

Perfusions  were  initiated  16.0  to  16.3  h  after  administration  of  a 
single  dose  of  the  test  article  by  oral  gavage.  The  hepatocytes  collected 
ranged  in  viability  (determined  by  trypan  blue  exclusion)  from  03.3  to  93.8% 
of  the  total  cells  collected  in  the  perfusate  (Table  6-1).  The  attachment 
efficiency  varied  from  46.1  to  88.5%  and  the  viability  of  the  attached  cells 
was  very  good,  ranging  from  74.6  to  91.5%. 


TMELI  6-1.  SQMiaRT  OF  CULIORB  DATA  FOR  HEPATOCYTES  FROM  RATS*  TREATED  MZTB 
cm  TRINER  ACID  (16-HOUR  TIMEPOIMT) 


Xargat  Dos*  Aaiaal  Parfusioa  Att*cha*nt  AttachMnt 


(■g/ks) 

Miusber 

Viability 

<%) 

Efficiency 

<») 

Viability 

(%) 

VC® 

3369  . 

91.3 

46.1 

90.4 

VC 

3374 

84.8 

70.1 

86.3 

VC 

3386 

91.3 

78.9 

91.2 

DMN^ 

3373 

90.4 

80.3 

90.4 

DKN 

3375 

91.7 

72.2 

91.5 

OMN 

3378 

89.7 

77.4 

89.7 

24.8 

3380 

89.4 

60.8 

88.2 

24.8 

3383 

91.6 

77.9 

89.5 

24.8 

3384 

93.8 

64.5 

88.2 

49. S 

3370 

93.1 

46.5 

77.2 

49.5 

3376 

88.9 

50.2 

76.5 

49.5 

3382 

89.3 

49.0 

74.6 

99.0 

3371 

83.3 

69.1 

87.0 

99.0 

3377 

84.5 

66.7 

85.7 

99.0 

3381 

85.6 

61.1 

80.5 

198.0 

3372 

89.7 

83.1 

87.4 

198.0 

3379 

89.0 

83.1 

86.8 

198.0 

3385 

86.4 

88.5 

86.5 

y  ■■■  ■  ■  ■  ■■■  -I  ■  ■  ■■  ■■  ■■—■I—  -■  - .  -  I  11  I  I  II  I  I  iMi. 

Thre*  animals  p«r  dos*  w*r*  treatad. 

^  Rasults  bassd  on  vlabl*  counts  (trypan  blu*  dy*  sxclusion)  of  randomly 
a«l*ct«d  araas  on  two  plats*. 

°  VC  ■  Vshlcl*  control  (corn  oil,  2  mL/kg). 

OMN  -  Dimethylnitrosamin*  (IS  mg/kg). 

Th*  minimum  critsria  for  a  UOS  response  were  determined  by  comparison 
with  the  average  of  the  concurrent  vehicle  control  treatments.  A  positive 
response  consisted  of  mean  NNO  counts  exceeding  4.40  (5  above  the  pooled 
average  net  grain  count  of  -0.60)  or  at  least  10.4%  of  the  nuclei  containing  5 
or  more  grains  (10%  above  the  pooled  average  of  0.4%).  None  of  the  treatments 
with  the  test  material  samples  caused  nuclear  labeling  that  was  significantly 
different  from  the  vehicle  control  (Table  6-2).  Furthermore,  no  dose-related 
trend  was  evident.  In  contrast,  the  OMN  treatments  induced  a  large  increase 
in  nuclear  labeling  that  greatly  exceeded  both  criteria  used  to  indicate  UDS 
(See  Appendix  6-A).  Because  the  positive  control  animals  were  responsive  to 
OMN,  the  test  results  provided  conclusive  evidence  for  the  lack  of  UDS 
induction  by  the  test  material. 

Heavily  labeled  nuclei  (blackened  with  numerous  grains)  represent  cells 
undergoing  DMA  replication  as  opposed  to  DNA  repair.  The  number  present  in 
this  study  was  low  and  did  not  interfere  with  the  assay.  Only  10  calls 
(0.22%)  amor.g  the  4500  vehicle  control  cells  screened  in  the  entire  assay  were 
heavily  labeled. 
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TABUe  6-2.  tlDS  DATA  STDiMARY  FOR  HEPATOCTTSS  FROM  RATS*  TREATED  HITS 
CTFE  TRIMER  ACID  (16-HOUR  TIMEPOZHT) 


Target  Dose 

(■g/kg) 

Anijaal 

Number 

Net  Nuclear 
Grains  1  SD^ 

Mean 

Cyto 

Grains* 

t  Nuclei  with 

25  Net  Grains* 

1 

VC* 

3369 

-0.58 

1 

0.06 

5.53 

0.0 

0.13 

VC 

3374 

-0.81 

± 

0.23 

5.60 

0.0 

0.27 

VC 

3386 

-0.41 

0.54 

5.54 

1.3 

0.27 

DMN^ 

33739 

3.99 

± 

1.60 

6.94 

41.3 

0.60 

DMN 

33759 

9.22 

± 

0.71 

5.97 

88.7 

0.53 

DHN 

3378 

5.43 

t 

1.64 

4.80 

56.0 

0.60 

24.75 

3380 

-0.15 

t 

0.48 

6.00 

0.7 

0.53 

24.75 

3383 

-0.76 

± 

1.02 

7.25 

1.3 

1.60 

24.75 

3384 

-0.22 

i 

0.07 

5.75 

2.0 

0.87 

49.5 

3370*’ 

«... 

•  • 

— 

49.5 

3376 

0.15 

± 

0.58 

5.99 

5.3 

3.87* 

49.5 

33829 

-0.72 

± 

0.01 

7.17 

0.0 

1.27* 

99.0 

3371 

-0.67 

i 

0.22 

6.90 

1.3 

0.87 

99.0 

3377 

-0.78 

t 

0.34 

7.10 

4.0 

2.00* 

99.0 

338i9 

-0.57 

t 

0.76 

7.11 

6.7 

1.87 

198.0 

3372 

0.59 

± 

0.57 

6.63 

6.7 

2.67* 

198.0 

3379 

0.17 

t 

0.45 

5.74 

4.7 

1.60* 

198.0 

3385 

0.51 

t 

0.17 

4.90 

3.3 

2.33* 

*  Thr««  animals  p«r  doae  were  treated. 

^  ■  Averags  of  NNO  counts  on  triplicate  coverslips  (150  total  cells). 


t  standard  deviation  between  coverslips. 

®  Average  values  for  triplicate  coverslips. 

Percent  of  s-phase  nuclei  on  triplicate  coverslips  (1500  total  cells 
scored) . 

*  VC  ■  Vehicle  control  (corn  oil,  2  mL/kg) . 

^  DKN  «  Dimethylnitrosamine  (15  mg/kg). 

^  One  slide  not  analyzable;  averages  based  upon  analysis  of  duplicate 
coverslips  (150  total  cells). 

^  No  slides  suitable  for  analysis. 

Statistically  significant  difference  from  pooled  vehicle  control  values, 
p  <  0.05. 
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8-Ph«s«  humnY 

In  order  to  determine  the  amount  of  cell  proliferation  induced  by  the 
test  material,  groups  of  three  rata  were  dosed  with  the  test  material  at  24.8, 
49.5,  99,  or  198  mg/kg  and  sacrificed  about  48  h  after  a  single  dose  of  the 
chemical  was  administered. 

The  hepatocytea  collected  for  S-phase  analysis  ranged  in  viability 
(determined  by  trypan  blue  exclusion)  from  76.3  to  96.2%  of  the  total  cells 
collected  in  the  perfusate  (Table  6-3).  The  attachment  efficiency  varied  from 
58.1  to  94.5%  and  the  viability  of  the  attached  cells  was  very  good,  ranging 
from  77.4  to  94.3%. 

TABLE  6-3.  CULTORB  DATA  8UHMAA7  FOR  HZPATOCYTBS  FROM  RATS*  TREATED  WITH 
CTFB  TRIMER  ACID  (48-HOUR  TIMEPOINT) 


Target  Dose 

(■g/kg) 

Animal 

Number 

Perfusion 

Viability 

(») 

Attachment^ 

Efficiency 

(*> 

Attachment 

Viability 

(%) 

VC® 

3407 

90.0 

83.1 

87.4 

VC 

3411 

91.7 

81.8 

85.2 

VC 

3413 

91.6 

84.6 

85.8 

DMN** 

3415 

87.3 

75.2 

91.0 

DMN 

3416 

91.0 

79.2 

94.3 

DMN 

3418 

89.4 

94.5 

91.3 

24.8 

3412 

96.2 

74.4 

94.1 

24.8 

3417 

93.2 

62.9 

77.4 

24.8 

3419 

85.1 

94.5 

92.0 

49.5 

3405 

85.6 

66.7 

90.8 

49.5 

3421 

94.1 

77.2 

90.6 

49.5 

3422 

87.4 

73.0 

86.4 

99.0 

3409 

88.3 

64.4 

86.9 

99.0 

3410 

76.3 

58.1 

86.1 

99.0 

3414 

93.5 

72.0 

90.8 

198.0 

3406 

88.7 

67.1 

89.3 

198.0 

3408 

84.3 

62.1 

89.4 

198.0 

1 

3420 

88.0 

74.2 

88.2 

*  Three  animals  per  doaa  were  treated. 

^  Results  based  on  viable  counts  (trypan  blue  dye  exclusion)  of  randomly 
selected  areas  on  two  plates. 


^  VC  ■  Vehicle  control  (corn  oil,  2  mL/kg). 

**  DMN  -  Dimethylnitroaamine  (20  mg/kg). 

No  significant  increase  in  DMA  synthesis  was  observed  in  the  treated 
animals  when  compared  to  the  average  of  the  pooled  vehicle  control  treatments 
(Table  6-4).  In  contrast,  a  significant  elevation  of  S-phase  DNA  synthesis 
was  observed  in  calls  obtained  from  the  positive  control  treatments.  The  test 
article  was  considered  negative  for  replicative  DNA  synthesis  at  the  48-h 
timepoint . 
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XABLB 

6-4.  8-PHASB  DATA  FOR 

tfXTB  CTFB 

HBPATOCYTES  FROM 

TRIMER  ACID 

RATS*  TREATED 

Target  Dose 

Animal 

Total" 

Total^  Cells 

(aig/kg) 

Number 

S-Phasc 

Analysed 

%  8-Pbase  ±  SD 

VC° 

3413 

32 

6000 

0.53  ±  0.13 

VC 

3407 

75 

6000 

1.25  t  0.49 

VC 

3411 

59 

6000 

0.98  ±  0.31 

DMN*^ 

3416* 

519 

6000 

8.65  ±  0.88 

DMN 

3415 

348 

6000 

5.80  ±  2.23 

DMN 

3418 

333 

6000 

5.55  ±  0.53 

24.8 

3412 

33 

6000 

0.55  t  0.38 

24.8 

3417 

15 

6000 

0.25  ±  0.18 

24.8 

3419 

34 

6000 

0.57  ±  0.13 

49.5 

3421 

117 

6000 

1.95  ±  0.33* 

49.5 

3405 

31 

6000 

0.52  ±  0.13 

49.5 

3422 

71 

6000 

1.18  ±  0.24 

99.0 

3409 

13 

6000 

0.22  ±  0.10 

99. C 

3410 

25 

6000 

0.42  i  0.25 

99.0 

3414 

58 

6000 

0.97  ±  0.21 

198.0 

3408 

9 

6000 

0.15  ±  0.09 

198.0 

3420 

17 

6000 

0.28  ±  0.14 

198.0 

3406 

38 

6000 

0.63  t  0.41 

^  Three  animals  per  dose  were  treated. 

^  Triplicate  coverslipa,  2000  cella/coverslipB. 

®  VC  »  Vehicle  control  (2  mL/kg  of  corn  oil). 

DMN  Dimethylnitrosamine,  20  mg/kg. 

*  Two,  coveralipe  analyzed,  3000  cella/coveralip. 

*  >  Statiatically  aignificant  difference  compared  to  the  average  of  the  pooled 

vehicle  controla  p  <  0.05. 

A  aignificant  elevation  in  DNA  ayntheaia  waa  obaerved  in  treated 
animala  aacrificed  at  the  16-h  timepoint  (Table  6-2).  During  UOS  analyaia, 

500  cella  per  alide  (1500  cella  per  animal)  were  analyzed  for  S-phaae.  The 
elevation  in  S-phase  was  aignificant  in  compariaon  to  the  pooled  vehicle 
control  value  in  all  animala  receiving  198  mg/kg,  in  one  of  three  animala 
dosed  with  99.0  mg/kg,  and  in  two  of  three  animals  dosed  with  49.5  mg/kg  of 
test  article.  A  aingle  animal  dosed  with  99.0  mg/kg  demonatrated  an  S-phase 
response  that  exceeded  1%  but  was  not  conaidered  significant  because  of  the 
variability  between  slides.  S-phaae  response  at  this  time  period  may  indicate 
early  induction  of  toxicity  leading  to  a  proliferative  response  or  may  be  due 
to  a  mitogenic  stimulus.  The  results  provide  evidence  of  induction  of  S-phase 
by  CTFE  trimer  acid  at  the  16-h  timepoint. 
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CONCLUSIONS 

The  teat  material,  CTFE  trimer  acid,  did  not  induce  significant  changes 
in  the  nuclear  labeling  of  rat  primary  hepatocytes  for  a  dose  range  of  24.8  to 
198  mg/kg.  CTFE  trimer  acid  was  therefore  evaluated  as  inactive  in  the  In 
Vlvo/In  Vitro  Rat  Primary  Hepatocyte  UDS  assay. 

No  S-phase  response  was  observed  for  the  test  material  over  a  dosing 
range  of  24.8  to  198  mg/kg  at  the  48-h  timepoint.  A  significant  S-phase 
response  was  observed  for  the  test  material  over  a  dosing  range  of  49.5  to  198 
mg/kg  at  the  16-h  timepoint.  CTFE  trimer  acid  was  therefore  evaluated  as 
active  in  the  In  Vivo/In  Vitro  Rat  Primary  Hepatocyte  S-Phase  Induction  assay. 
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APPENDIX  6-A 


ASSAY  ACCEPTANCE  AND  EVALUATION  CXITERIA 
Assay  Accaptanca  Critaria 

An  assay  normally  will  be  considered  acceptable  for  evaluation  of  the 
test  results  only  if  all  of  the  criteria  listed  below  are  satisfied.  This 
listing  may  not  encompass  all  test  situations,  so  scientific  judgment  must  be 
exercised  in  modifying  the  criteria  or  considering  other  causes  that  might 
affect  assay  reliability  and  acceptance. 


1.  The  viability  of  the  hepatocytes  collected  from  the  perfusion 
process  normally  exceeds  70%.  A  variety  of  factors  can  affect  cell 
yield  and  viability,  so  values  below  70%  are  not  uncommon  nor 
necessarily  detrimental.  Toxicity  of  treatment  with  teat  article  may  be 
reflected  in  perfusion  viability,  therefore  no  lower  limit  will  be  set. 


2.  The  viability  of  the  monolayer  cell  cultures  used  for  the  assay  must 
be  70%  or  greater.  Normally,  the  viability  of  attached  cells  is  about 

85%. 

3.  The  positive  control  is  used  to  demonstrate  that  the  cell  population 
employed  was  responsive  and  the  methodology  was  adequate  for  the 
detection  of  UDS  or  S-phase.  For  test  materials  causing  weah  or  no  UDS 
activity,  the  average  response  to  the  positive  control  treatments  must 
exceed  either  criteria  used  to  indicate  UDS.  The  positive  control  for 
S-phase  must  have  greater  than  1%  of  the  cells  in  scheduled  DNA 
synthesis.  For  test  materials  clearly  causing  a  dose-related  UDS 
activity  or  S-phase  activity,  an  assay  will  be  acceptable  in  the  absence 
of  a  positive  control  lost  for  technical  reasons.  Historical  values  for 
the  UDS  positive  control  are  NNG  ■  8.79  ±  3.92  (range,  1.55  to  15.40) 
and  %  2  5  grains  per  nucleus  ■  62.7%  ±  18.2%  (range  20.7%  to  89.7%). 
Historical  control  values  for  the  UDS  negative  control  are  NNG  -  -0.54 

±  0.50  (range,  -1.74  to  0.12)  and  %  2  5  grains  per  nucleus  ■  1.4%  ±  1.7% 
(range  0.0%  to  6.7%). 

4.  Grain  count  data  obtained  per  animal  is  acceptable  as  part  of  the 
evaluation  if  obtained  from  two  replicate  cultures  and  at  least 

50  nuclei  per  culture  for  UDS  or  2000  cells  per  culture  for  S-phase. 

Data  should  be  available  from  2  of  the  3  animals  treated. 


5.  A  minimum  of  three  doses  will  be  analyzed  for  nuclear  grain  counts. 
Repeat  trials  need  only  augment  the  number  of  analyzed  doses  in  the 
first  trial  to  achieve  a  total  of  3  concentrations,  but  must  include  one 
dose  previously  analyzed  as  acceptable. 
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Assay  Evaluation  Critaria 


0D8  Assay 

Several  criteria  have  been  established  which,  if  met,  provide  a  basis 
for  evaluation  of  a  test  material  as  active  in  the  UDS  assay.  The  criteria 
for  a  positive  response  are  based  on  a  statistical  analysis  of  the  historical 
control  data  as  described  by  Casciano  and  Gay lor  (1983).  The  test  material  is 
considered  active  in  the  UDS  assay  at  doses  that  cause  the  following. 

1.  An  increase  in  the  mean  NNG  count  to  at  least  five  grains  per 
nucleus  above  the  concurrent  vehicle  control  value  leading  to  a  positive 
number,  and/or; 

2.  An  increase  in  the  number  of  nuclei  having  five  or  more  net  grains 
such  that  the  percentage  of  these  nuclei  in  test  cultures  is  10%  etbove 
the  concurrent  vehicle  control  cultures. 

Generally,  if  the  first  condition  is  satisfied,  the  second  will  also  be 
met.  However,  satisfaction  of  only  the  second  condition  can  also  indicate  UDS 
activity.  Different  DNA-damaging  agents  can  give  a  variety  of  nuclear 
labeling  patterns,  and  weak  agents  may  strongly  affect  only  a  minority  of  the 
cells.  Therefore,  both  of  the  above  conditions  are  considered  in  an 
evaluation.  In  cases  where  increases  are  not  observed  in  all  three  animals, 
the  test  material  will  be  considered  active  for  that  condition  if  cells  from 
two  of  the  three  animals  show  increases.  If  the  negative  control  shows  an 
average  less  than  -5  or  more  than  one  grain  per  nucleus,  the  assay  will 
normally  be  considered  invalid. 

The  test  material  is  considered  inactive  in  this  assay  if  the  following 
is  true. 

1.  The  mean  NNG  counts  for  all  dosed  groups  is  <  1.0  net  nuclear  grain 
count  above  the  concurrent  vehicle  control  value  and/or; 

2.  The  percent  of  nuclei  with  five  or  more  net  grains  does  not  increase 
more  than  2%  above  the  concurrent  vehicle  control. 

When  results  are  neither  clearly  positive  nor  clearly  negative,  the 
presence  of  a  dose  response,  the  frequency  distribution  of  cellular  responses, 
and  the  reproducibility  of  data  among  animals  is  considered;  the  test  article 
is  then  classified  as  "negative",  "weak  positive",  or  "equivocal".  Groups  in 
which  one  of  three  animals  shows  increases  in  labeling  will  be  decided  on  a 
case-by-case  basis  depending  on  the  level  of  activity  in  cells  from  the  active 
animal,  the  level  of  activity  in  calls  from  the  inactive  animals  and  the 
presence  or  absence  of  activity  in  surrounding  groups. 

The  positive  control  nuclear  labeling  is  not  used  as  a  reference  point 
to  estimate  mutagenic  or  carcinogenic  risk  associated  with  the  UDS  activity  of 
the  test  material.  UDS  elicited  by  test  agents  in  this  assay  is  probably  more 
dependent  on  the  type  of  DNA  damage  inflicted  and  the  available  repair 
mechanisms  than  on  the  potency  of  the  test  agent  as  a  mutagen  or  carcinogen. 
Some  forms  of  DNA  damage  are  repaired  without  the  incorporation  of  new  nucleic 
acids.  Thus,  the  positive  controls  are  used  to  demonstrate  that  the  cell 
population  employed  was  responsive  and  the  methodology  was  adequate  for  the 
detection  of  UDS. 
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8-Pb«s«  Induction  Asaay 

The  test  article  will  be  considered  positive  in  the  S-phase  induction 
assay  if  the  %  S  in  cells  from  all  animals  in  a  group  is  significantly  greater 
than  the  pooled  vehicle  control  and  exceeds  1%  of  the  population. 

Significance  will  be  determined  using  Student's  t-test  for  unpaired 
observations  modified  for  unequal  variances  whan  an  F-tast  performed  on  the 
data  indicates  that  the  variances  were  unequal.  A  standard  t-test  will  be 
used  when  the  variances  are  equal. 

The  test  article  will  be  considered  negative  if  the  %  S  for  all 
treatment  groups  is  <  1%  of  the  population  (historical  negative  controls  have 
<  1%  of  the  cells  undergoing  DNA  replication).  The  data  base  for  S-phase  is 
not  extensive  and  some  judgement  may  be  needed  in  the  evaluation  of  a 
response. 
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IN  VITRO  TRANSFORMAIIOM  OF  BALB/C-3T3  CELLS 
WITH  AND  WITHOUT  S9  ACTIVATION  OF  CTFB  TRIMER  ACID 

B.C.  Nyhr 

ABSTRACT 

CTFE  trimer  acid  was  assayed  for  its  ability  to  induce  morphological 
cell  transformation  in  BALB/C-3T3  call  cultures  in  the  absence  and  presence  of 
a  rat  liver  S9  metabolic  activation  system.  Two  independent  assays  were 
performed  under  each  condition.  The  treatment  period  was  72  h  without 
activation  and  4  h  in  the  presence  of  S9  metabolic  activation.  In  the  absence 
of  an  S9  metabolic  activation  system,  six  to  seven  treatments  ranging  from  100 
to  800  pg/mL  were  examined  in  two  trials.  The  toxicity,  determined  from  the 
clonal  survival  of  ouabain-resistant  cells  in  the  presence  of  a  wildtype 
monolayer,  ranged  from  10.8  to  96.04.  The  number  of  transformed  foci  in  the 
CTFE  trimer  acid-treated  cultures  did  not  change  significantly  from  the 
corresponding  negative  controls.  In  the  presence  of  S9  metabolic  activation, 
a  shift  in  toxicity  was  observed  and  six  treatments  from  500  to  2000  pg/mL 
were  analyzed  in  each  trial.  Again  a  wide  range  of  toxicities  was  induced 
(5.6  to  100%)  and  a  dose-related  significant  increase  in  the  number  of 
transformed  foci  was  not  observed  in  the  CTFE  trimer  acid-treated  cultures. 
CTFE  trimer  acid  was  therefore  evaluated  as  negative  for  the  induction  of 
morphological  transformation  in  BALB/C-3T3  cell  cultures. 

INTRODUCTION 

BALB/C-3T3  mouse  cells  multiply  in  culture  until  a  uniform  monolayer  is 
achieved  and  then  cease  further  division  (Kakunaga,  1973;  Rundell,  19S4b) . 
These  nontransformed  cells,  if  injected  into  immunosuppressed  mice  (1  x  10^ 
cells/animal),  do  not  produce  neoplastic  tumors  (Kakunaga,  1973;  Rundell  et 
al.,  1983;  Rundell,  1984a).  However,  BALB/c-3T3  cells  treated  in  vitro  with 
some  chemical  carcinogens  give  rise  to  foci  of  morphologically  altered  cells 
superimposed  on  the  contact-inhibited  cell  monolayer.  If  foci  picked  from 
cell  cultures  are  grown  to  larger  cell  numbers  and  are  injected  into 
immunosuppressed  mice,  a  malignant  tumor  will  be  obtained  in  most  cases. 

Thus,  the  appearance  of  foci  of  altered  cells  is  correlated  with  malignant 
transformation. 

The  ability  of  BALB/C-3T3  cells  to  metabolize  test  articles  from  various 
chemical  classes  can  be  enhanced  by  the  addition  of  an  exogenous  S9  metabolic 
activation  system  to  the  cultures  during  the  treatment  period.  However,  the 
standard  treatment  period  of  72  h  is  reduced  to  only  4  h  because  of  S9 
toxicity  and  the  degradation  of  the  NADPH-dependent  microsomal  enzyme  system, 
so  this  assay  modification  may  not  always  detect  procarcinogens.  The 
procarcinogen,  DMN,  does  not  transform  BALB/C-3T3  cells  in  the  absence  of  S9 
(Rundell  et  al.,  1983),  but  DMN  treatments  with  the  S9  activation  system 
usually  induce  a  statistically  significant  increase  in  the  frequency  of 
transformed  foci  (Matthews  and  Rundell).  Similarly,  S9-dependent  induction  of 
transformed  foci  by  DMN  has  been  reported  for  another  mouse  line  (Tu  et  al., 
1984) . 

An  appropriate  dose  range  for  toxic  test  articles  is  selected  by  a  novel 
method  for  determining  clonal  survival  under  the  mass  culture  conditions  of 
the  transformation  assay.  Normal  BALB/c-3T3  cells  are  sensitive  to  the  cell 
membrane  poison,  ouabain,  and  are  quickly  killed.  However,  a  mutant 
BALB/C-3T3  cell  line  has  been  established  that  is  ouabain-resistant  but 
otherwise  as  sensitive  to  test  articles  as  the  parent  (wildtype. 
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ouabain-aensitlve  cells).  When  a  few  'ey.,  600)  ouabain-resistant  cells  are 
mixed  with  a  large  number  of  wildtyr.a  cells  (eg.,  7  x  10^  cells),  the  clonal 
survival  of  the  ouabain-resistant  cells  can  be  determined  by  the  addition  of 
4  mM  ouabain  to  the  culture  medium  after  the  treatment  period.  In  this 
manner,  the  test  article  toxicity  is  determined  under  the  same  cellular 
exposure  conditions  that  will  occur  in  the  transformation  assay  mass  cultures. 

The  objective  of  this  assay  was  to  evaluate  CTFE  trimer  acid  for  its 
ability  to  induce  the  malignant  transformation  of  cultured  BALB/C-3T3  mouse 
cells  in  the  absence  and  presence  of  a  rat  liver  S9  metabolic  activation 
system.  Transformation  has  been  defined  as  a  dense,  piling  up  of 
morphologically  altered  cells,  called  a  focus,  superimposed  on  a  monolayer  of 
contact-inhibited  cells  (Heidelberger  et  al.,  1983;  Rundell,  1984a;b) . 

MATERIALS  AND  METHODS 

Indicator  Cells 

Clone  1-13  of  BALB/c-3T3  mouse  cells  was  obtained  (Kakunaga,  1973).  A 
subclone  of  these  cells  with  a  low  spontaneous  frequency  of  transformants  was 
used  for  this  study.  Stocks  of  cells  were  maintained  in  liquid  nitrogen. and 
were  checked  to  ensure  the  absence  of  Mycoplasma  contamination.  Laboratory* 
cell  cultures  were  grown  in  Eagle's  minimum  essential  medium  (EMEM) 
supplemented  with  FBS,  L-glutamine,  and  antibiotics. 

Controls 

The  negative  control  (also  referred  to  as  the  solvent  control)  was  EMEM 
culture  medium  containing  0.25%  v/v  DMSO.  In  addition,  for  the  S9  activation 
assay,  the  S9  activation  components  were  added  to  the  medium. 

A  known  carcinogen,  MCA,  was  used  at  a  concentration  of  2.5  pg/mL  as  a 
positive  control  for  the  transformation  of  BALB/C-3T3  cells  in  the  absence  of 
S9.  A  second  known  carcinogen,  DMN,  was  used  aa  the  positive  control  for  the 
transformation  of  BALB/C-3T3  cells  in  the  presence  of  S9  activation.  DMN 
requires  activation  by  S9  microsomal  enzymes  to  become  transforming,  and  two 
concentracions  of  DMN  (1  and  2  /jL/mL)  were  chosen  to  demonstrate  a  significant 
response  for  at  least  one  concentration  of  DMN. 

Test  Material 

The  test  material,  CTFE  trimer  acid,  was  a  clear,  colorless  liquid.  It 
was  stored  at  room  temperature  in  its  original  glass  container  in  a  chemical 
cabinet. 

39  Metabolic  Activation  System 

A  9000  X  g  supernatant  fraction  (Ames  et  al.,  1984)  prepared  from  the 
liver  of  Aroclor  1254-induced  Sprague-Dawley  male  rats  was  purchased  from 
Molecular  Toxicology,  Ire.  The  S9  was  prescreened  and  selected  for  relatively 
low  toxicity  to  BALB/c-3T3  cells  and  for  the  conversion  of  DMN  to  toxic 
metabolites.  The  concentration  of  S9  selected  for  the  assay  was  40  ;jL/mL  that 
corresponded  to  1.5  mg  S9  protein/mL  in  the  treatment  medium. 

The  S9  activation  components  included  a  NADPH  regenerating  system 
composed  of  NADP  and  isocitric  acid  in  the  presence  of  S9 .  The  final 
concentration  of  the  components  in  the  treatment  medium  was  approximately  236 
/jg/mL  of  NADP  (sodium  salt)  and  approximately  1552  pg/mL  of  isocitrate.  The 
regenerating  system  solution  was  prepared  fresh  as  a  4X  stock  solution  in 
culture  medium  and  was  combined  with  an  equal  volume  of  diluted  S9  to  give  a 
2X  S9  mix.  The  mix  was  held  on  ice  until  used  in  the  assay. 
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Tast  Material  Preparation 

CTFE  trimer  acid  was  soluble  In  DMSO  up  to  a  c'^ncentration  of 
2000  mg/mL.  The  primary  stocks  for  the  cytotoxicity  and  transformation  assays 
were  diluted  with  EMEM  containing  10%v/v  FBS  (EMEMIO)  to  prepare  2X  dosing 
solutions  and  further  dilutions  were  prepared  in  EMEM(IO)  containing  0.5% 

OMSO.  The  primary  medium  stock  for  the  transformation  assays  (10,000  fjg/mL) 
was  cloudy  and  yellow  with  a  precipitate  that  settled  with  time.  These  stocks 
were  thoroughly  mixed  prior  further  dilution.  The  cultures  were  dosed  by 
adding  4  mL  of  the  appropriate  dosing  medium  to  4  mL  of  EMEM (10)  already 
present  in  the  culture  flasks.  The  test  material  appeared  to  be  soluble  in 
the  dosed  cultures  but  treatments  at  and  above  concentration  of  2000  ^g/mL 
were  yellow.  The  yellow  coloration  of  the  culture  media  did  not  appear  to  be 
caused  by  a  change  in  pH  of  the  media. 


Prellainary  Dose  Rangafinding 

Glass  culture  bottles  with  approximately  60  cm^  of  surface  area  were 
seeded  concurrently  with  approximately  600  ouabain-resistant  3T3  cells  and 
7  X  10^  wildtype  cells.  The  following  day,  one  culture  was  exposed  to  each  of 
10  doses  with  and  without  S9,  starting  at  1000  ^ig/mL  and  diluting  in  2-fold 
steps.  Two  solvent  control  cultures  containing  0.25%  DMSO  in  EM£M(10)  culture 
medium  were  prepared  for  both  test  conditions.  After  an  exposure  period  of 
approximately  4  h  in  the  presence  of  the  S9  activation  system  or  approximately 
72  h  without  S9,  the  cells  were  washed  with  a  physiological  solution  and  refed 
with  EMEM (10)  culture  medium  containing  4  tnM  ouabain.  The  cultures  were  refed 
with  medium  containing  4  mM  ouabain  4  to  5  days  later.  Surviving  colonies 
were  terminated  9-11  days  after  the  treatment  period,  stained  with  Giemsa,  and 
counted  manually. 

A  relative  survival  for  each  treatment  condition  was  obtained  by 
comparing  the  number  of  surviving  colonies  to  the  average  colony  count  for  the 
solvent  control  cultures.  This  survival  information  was  used  to  select  doses 
for  the  transformation  assay  that  would  span  an  anticipated  survival  range  of 
10  to  100%. 


Transformation  Assay 

The  transformation  assay  procedure  was  adapted  from  that  reported  by 
Kakunaga  (1973).  Glass  culture  bottles  having  a  monolayer  growth  area  of 


approximately  60  cm 

7  X  10*^  cells  for  tne  transformation  assay  and  7 


were  used.  Each  bottle  was  seeded  with  approximately 


X  10  cells  plus 

approximately  600  ouabain-resistant  cells  for  the  concurrent  clonal  survival 
assay.  On  the  day  after  seeding,  nine  cultures  were  exposed  to  each  selected 
treatment  with  CTFE  trimer  acid  and  the  positive  controls.  Eighteen  cultures 
were  used  as  solvent  controls  for  each  of  the  test  conditions  (with  and 
without  the  S9  activation  system) .  One  mixed  culture  of  wildtype  and 
ouabain-resistant  cells  was  exposed  to  each  treatment  and  positive  control 
condition;  two  mixed  cultures  were  included  for  the  solvent  controls. 

The  treatments  were  conducted  at  37  ±  I’C  for  approximately  4  h  with  the 
S9  activation  system  and  approximately  72  h  without  S9.  The  treatments  were 
initiated  by  adding  4  mL  of  a  2X  stock  of  CTFE  trimer  acid  or  solution  of  the 
positive  control  to  each  culture  containing  4  mL  of  culture  medium  (with  or 
without  the  S9  activation  system).  After  treatment,  all  cultures  were  washed 
with  Hanks'  balanced  salt  solution.  The  transformation  assay  cultures  were 
refed  with  fresh  EMEM  culture  medium,  and  the  incubation  was  continued  for  28 
to  34  days  with  refeeding  twice  a  week.  The  activation  studies  were  incubated 
slightly  longer  to  allow  adequate  expression  of  the  transformed  colonies.  The 
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clonal  aurvi'/al  culturas  were  rafad  with  madlum  containing  4  nvH  ouabain.  Tha 
culturaa  wara  rafad  with  4  mM  ouabain  4  daya  latar  if  naadad  and  wara 
tamiinatad  when  tha  colonies  reached  a  size  that  could  ba  aasily  scored. 

Tha  culturas  wera  tarminatad  by  fixing  tha  calls  with  mathanol  and 
staining  with  10%  Giemsa  in  tap  watar.  Stainad  culturaa  wera  axaminad  by  aya 
and  by  microscope  to  determine  the  number  of  foci  of  transformed  calls  and  tha 
colony  survival.  Tha  transformation  assay  culturas  wara  coded  with  random 
nximbars  prior  to  evaluation  for  foci. 

Evaluation  of  Transformed  Foci 

At  the  and  of  the  incubation  period,  culturas  of  calls  with  a  normal 
phenotype  yielded  a  uniformly  stained  monolayer  of  round,  contact-inhibitad 
calls.  Transformed  calls  formed  a  multi-layered  mass  of  calls,  or  focus,  that 
stained  deeply  and  was  supei-imposed  on  the  surrounding  monolayer  of  calls 
(Kakunaga,  1973;  Rundell  et  al.,  1983;  Rundall  1984a).  The  foci  wera  variable 
in  size  and  exhibited  several  variations  in  morphological  features.  Many 
scored  foci  ccr.aisted  of  a  dense  piling-up  of  cells  with  a  random,  criss-cross 
orientation  of  fibroblastic  cells  at  the  periphery  of  the  focus  and  extensive 
invasiveness  into  the  contiguous  monolayer.  Other  scored  foci  ware  composed 
of  more  rounded  cells  with  little  criss-crossing  at  the  periphery  but  with 
necrosis  at  the  center  caused  by  tha  dense  piling-up  of  a  large  number  of 
cells.  A  third  variation  was  a  focus  without  the  necrotic  center  and  large 
number  of  cells  but  which  exhibited  the  criss-cross  pattern  of  overlapping 
calls  throughout  most  of  the  colony. 

Some  densely  stained  areas  were  not  scored  as  transformed  foci  because 
the  random  orientation  of  fibroblastic  cells  was  not  observed.  Microscopic 
examination  is  routinely  employed  frr  scoring  and  for  the  final  judgement  of 
the  transformed  character  of  each  focus. 

All  foci  that  exhibited  the  transformed  characteristics  wara  scored.  In 
tha  raw  data,  a  record  of  focus  size  was  maintained  by  scoring  foci  greater 
than  4  mm  in  diameter  as  +++  and  those  of  2  to  4  mm  in  diameter  as  ++.  No 
significance  is  carrently  attached  to  this  categorization.  The  sum  of  all 
scored  foci  (+++  and  ++)  was  reported  for  each  culture  and  was  used  for  the 
assay  analysis. 

RESUZ/rS  AND  DISCUSSION 

Clonal  Survival 

CTFE  trimer  acid  was  lethal  to  BALB/C-3T3  cells  at  a  concentration  of 
1000  pg/mL  (Table  7-1).  Moderate  toxicity  was  induced  at  a  concentration  of 
500  pg/mL  (55.1^  relative  survival)  and  lower  concentrations  were  essentially 
nontoxic.  The  addition  of  the  rat  liver  S9  metabolic  activation  system  (Table 
7-2)  caused  a  slight  shift  in  toxicity.  The  test  material  was  nontoxic  at 
concentrations  of  1000  pg/mL.  These  results  were  used  to  select  doses  for  the 
transformation  assays  and  results  from  the  early  transformation  assays  were 
used  to  further  define  the  dose  range.  For  the  nonactivation  studies  used  in 
tha  evaluation,  treatments  ranging  from  from  100  to  800  pg/mL  were  analyzed. 

In  the  presence  of  S9  metabolic  activation,  treatments  from  500  to  2000  pg/mL 
were  initiated. 
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ZMKLS  7>1.  CTTOTOZZC  ACTIVITY  OF  CTFl  TSIKER  ACID 
XM  THB  PRELIMZHAST  CLONAL  AUAVIVAL  ASSAY 
NZTHOOT  S9  ACTZVATZOV 


Treataeat 

Coadltioa 

ColoBiee/Culture 

Kelative  Cell 
Survival  (%) 

Solvent  Control* 

235,  262 

100.0 

CTFS  Trimer  Acid  (pg/mL) 

1.00 

223 

89.7 

2  50 

222 

C9.3 

5.00 

230 

92.6 

10.0 

226 

90.9 

25.0 

219 

88.1 

50.0 

237 

95.4 

100 

232 

93.4 

250 

236 

95,0 

500 

137 

55.1 

1000 

0 

0.0 

EMEM  culture  mediuia  containing  0.25%  DHSO. 

TABLS  7-2.  CYTOTOIIC  ACTIVITY  OF  CTFt  TAINXR  ACID 
IN  Tn  FRELZNZNAKY  CLONAL  SURVIVAL  ASSAY 
NITB  S9  ACTIVATION 


Treataent 

Coadltioa 

Coloales/Culture 

Relative  Call 
Survival  (%) 

Solvent  Control* 

81,  97 

100.0 

CTFE  Tr Inter  Acid  (pg/mL) 

1.00 

101 

113.5 

2.50 

74 

83.1 

5.00 

78 

87.6 

10.0 

66 

74.2 

25.0 

91 

102.2 

50.0 

102 

114.6 

100 

100 

112.4 

250 

96 

107.9 

500 

108 

121.3 

1000 

86 

96.6 

EMEM  culture  medium  containing  0.25%  DMSO. 

Prelleiaarr  Trane foreat Ion  Studlea 

Three  , ransformation  aaaaya  conducted  in  the  abaence  and  presence  of  59 
metabolic  activation  were  initiated,  but  the  first  trial  was  subsequently 
terminated  without  the  collection  of  any  valid  data  due  to  contamination.  At 
the  same  time,  other  transformation  assays  performed  in  the  laboratory  were 
terminated  due  to  the  observation  of  numerous  transformed  foci  in  the  negative 
control  cultures.  This  result  caused  the  temporary  Interruption  of  all 


studies  until  the  reason(s)  could  be  identified  and  eliminated.  After  several 
months,  a  new  lot  of  FBS  was  identified  that  afforded  normal  behavior  of  the 
negative  control  cultures.  This  serum  and  a  fresh  batch  of  cells  from  the 
cryopreserved  stock  were  used  to  reinitiate  the  study.  The  first  trial  with 
the  new  lot  of  serum  and  stock  of  cells  was  considered  Trial  1  that  was 
followed  by  Trial  2. 

Transforaation  Assay  Without  39 

Table  7-3  summarizes  the  results  obtained  for  CTFE  trimer  acid  in  the 
first  complete  trial  of  the  transformation  assay  without  S9.  In  Trial  1,  six 
treatments  ranging  from  100  to  700  ^^g/mL  were  initiated  and  a  wide  range  of 
toxicities  was  induced  (46.6  to  96.0%  relative  survival).  The  frequency  of 
transformed  foci  in  the  cultures  exposed  to  CTFE  trimer  acid  was  not 
significantly  elevated  above  the  solvent  control  values.  In  contrast,  the  MCA 
positive'  control  induced  a  significant  increase  in  focus  formation.  In  order 
to  confirm  the  lack  of  activity  by  CTFE  trimer  acid,  a  second  nonactivation 
assay  was  initiated. 

TABLB  7-3.  TRANSFORMINO  ACTIVITY  OF  CTFB  TRIMER  ACID 
ASSESSED  IN  THE  TRANSFORMATION  ASSAY  USINO  BALB/c-3T3  CELLS 
WITHOUT  S9  ACTIVATION 


Treateent 

Condition 

Colony 

Count* 

Relative 

Survival** 

(*) 

Focus 

Total 

Cultures 

Data 

Total 

Foci 

Average 

Foci/ 

Culture 

Iransforeing" 

Activity 

Mean 

Foci/ 

Culture 

Solvent  Control"^ 

253 

100.0 

18 

1 

0.06 

0.04 

Positive  Control* 

179 

70.8 

9 

77 

8.56 

8.31** 

CTFE  Trimer  Acid 
(^g/mL) 

100 

236 

93.3 

9 

0 

0.00 

0.00 

200 

238 

94.1 

9 

1 

0.11 

0.08 

400 

243 

96.0 

9 

1 

0.11 

O.OC 

500 

206 

81.4 

9 

0 

0.00 

0.00 

600 

164 

64.8 

9 

3 

0.33 

0.26 

700 

118 

46.6 

9 

1 

0.11 

0.08 

“  Clonal  survival  assay  performed  concurrently  with  the  transformation  assay. 
^  Colony  survival  relative  to  the  solvent  control. 

The  mean  transforming  activity  is  expressed  as  the  anti-log  of  the  log^g 


mean  minus  one. 

Solvent  Control:  EMZM  culture  medium  containing  0.25%  DHSO. 

*  Positive  Control:  The  positive  control  treatment  was  3-MCA  (2.5  /ug/mL). 

**  p  <  0.01. 

Results  from  the  second  complete  trial  without  S9  are  shown  in  Table 
7-4.  Treatments  ranging  from  200  to  800  pg/mL  were  initiated  in  Trial  2.  The 
800  (jg/mL  treatment  was  added  in  an  attempt  to  obtain  higher  toxicities. 
Survivals  ranged  from  10.8  to  93.1%  of  the  solvent  control  value.  An  increase 


in  transformed  foci  was  observed  at  concentrations  of  200  /jg/mL  and  600  fjg/taX, 
and  these  increases  were  significant  at  the  95%  confidence  level.  However,  no 
dose-related  trend  was  observed.  The  MCA  positive  control  induced  a  large, 
significant  increase  in  transformed  foci.  Because  no  significant 
dose-dependent  increase  in  transformed  foci  was  induced  by  CTFE  trimer  acid  in 
two  trials  of  the  BAI.B/C-3T3  transformation  assay,  the  test  material  was 
evaluated  as  nontransforming  in  the  absence  of  S9  metabolic  activation. 

XABLB  7-4.  THANSFORMINO  ACTIVITY  OF  CTFE  TRIMER  ACID 
ASSESSED  IM  THE  TRANSFORMATION  ASSAY  U8INO  BALB/C-3T3  CELLS 
NITHOUT  S9  ACTIVATION 
TRIAL  2 


Treatment 

Condition 

Colony 

Count* 

Relative 

Survival^ 

<%) 

Focus 

Data 

Transforming 

Activity 

Total 

Cultures 

Total 

Foci 

Average 

Foci/ 

Culture 

Mean 

Foci/ 

Culture 

Solvent  Control*^ 

295.5 

100.0 

18 

24 

1.33 

1.08 

Positive  Control* 

236 

79.9 

9 

51 

5.67 

5.30** 

CTFE  Trimer  Acid 

(pg/mL) 

200 

272 

92.0 

9 

23 

2.56 

2.25* 

400 

275 

93.1 

9 

17 

1.89 

1.47 

500 

274 

92.7 

9 

12 

1.33 

0.85 

600 

219 

74.1 

9 

19 

2.11 

2.02* 

700 

128 

43.3 

9 

9 

1.00 

0.74 

800 

32 

10.8 

9 

10 

1.11 

1.03 

•  Clonal  survival  assay  performed  concurrently  with  the  transformation  assay. 

^  Colony  survival  relative  to  the  solvent  control. 

^  The  mean  transforming  activity  is  expressed  as  the  anti-log  of  the  iog^Q 
mean  minus  one. 

^  Solvent  Controli  EMEM  culture  medium  containing  0.25%  DMSO. 

•  Positive  Control:  The  positive  control  treatment  was  3-MCA  (2.5  MV/n*!)* 

•  p  <  0.05. 

**  p  <  0.01. 

Transformation  Assay  with  89 

The  results  obtained  in  the  first  trial  of  the  transformation  assay  with 
S9  are  summarized  in  Table  7-5.  In  Trial  1,  six  treatments  ranging  from  500 
to  2000  pg/mL  were  initiated  and  a  good  range  of  toxicities  was  induced  (6.2 
to  107.6%  survival).  No  significant  increase  in  the  number  of  transformed 
foci  was  observed  in  any  of  the  cultures  exposed  to  CTFE  trimer  acid.  Both  of 
the  DMN  positive  controls  clearly  induced  foci.  A  second  assay  was  initiated 
in  the  presence  of  S9  metabolic  activation  to  confirm  the  lac)t  of  activity  by 
the  test  material. 

Table  7-6  summarizes  the  results  obtained  in  Trial  2.  The  results  from 
Trial  2  confirm  the  absence  of  activity  by  CTFE  trimer  acid  in  the  presence  of 
S9  metabolic  activation.  Six  treatments  ringing  from  500  to  2000  /ig/mL  were 
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Initiated  and  a  wide  range  of  toxicitiee  was  induced  (5.6  to  91.6%  relative 
survival).  A  small  but  significant  increase  in  the  number  of  transformed  foci 
was  observed  at  concentrations  of  500  pg/mL  and  1000  pg/mL.  However,  higher, 
more  toxic  treatments  did  not  produce  transformed  foci.  3oth  the  DMH  positive 
control  treatments  induced  a  large  increase  in  transformed  foci  that  was 
significant  at  the  99%  confidence  level.  CTFE  trimer  acid  was  therefore 
evaluated  as  inactive  in  this  assay  in  the  presence  of  S9  metabolic 
activation. 


XABLB  7-5.  TRAHSrORNINO  ACTIVITY  OF  CTFB  TRIHSR  ACID 
ASSESSED  IN  THE  TRANSFORMATION  ASSAY  USING  BALB/C-3T3  CELLS 

NITB  S9  ACTIVATION 
TRIAL  1 


Treatment 

Condition 

Colony 

Count* 

Relative 

Survival^ 

(%) 

Focus 

Data 

Transforming'^ 

Activity 

Total 

Cultures 

Total 

Foci 

Average 

Foci/ 

Culture 

Mean 

Foci/ 

Culture 

Solvent  Control*^ 

176.5 

100.0 

18 

22 

1.22 

1.04 

Positive  Control* 

DMN,  1  pL/mL 

171 

96.9 

9 

32 

3.56 

3.03** 

DMN,  2  pL/mL 

101 

57.2 

9 

19 

2.11 

1.96* 

CTFE  Trimer  Acid 
(pg/mL) 

500 

189 

107.1 

6‘ 

0 

0.00 

0.00 

1000 

190 

107.6 

8* 

7 

0.88 

0.62 

1250 

130 

73.7 

8^ 

6« 

1 

0.13 

0.09 

1500 

58 

32.9 

5 

0.83 

0.78 

1750 

37 

21.0 

9 

16 

1.78 

1.36 

2000 

11 

6.2 

9 

25 

2.78 

1.67 

“  Clonal  survival  assay  performed  concurrently  with  the  transformation  assay. 

Colony  survival  relative  to  the  solvent  control. 

°  The  mean  transforming  activity  is  expressed  as  the  anti-log  of  the  log^Q 


mean  minus  one. 

^  Solvent  Control*  EMEM  culture  medium  containing  0.25%  DMSO. 

*  Positive  Control*  The  positive  control  treatment  was  DMN  at  the 
concentrations  shown. 

^  Contaminated  cultures  excluded. 

*  p  <  0. 05 . 

**  p  <  0.01. 
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TABtS  7-6.  IRANSFOSKTNJ  ACTIVITY  OF  CTFB  TRIKER  AGIO 
ASSB88BD  IJT  TBB  TRANSFORMATION  ASSAY  USINO  BALB/C-3T3  CELLS 

NITC  S9  ACTIVATION 
TRIAL  2 


Treatment 

Condition 

Colony 

Count 

Relative 

Survival^ 

<»> 

Focua 

Data 

Tk ansf oruing^ 
Activity 

Total 

Cultures 

Total 

Foci 

Average 

Foci/ 

Culture 

Mean 

Foci/ 

Culture 

Solvent  Control^ 

231.5 

100.0 

18 

10 

0.56 

0.40 

Positive  Control* 

DMN,  1  pL/mL 

227 

98.1 

9 

52 

5.78 

4.61** 

DMN,  2  pL/mL 

68 

29.4 

9 

32 

3.56 

2.68** 

CTFB  Trimer  Acid 
(pg/mL) 

500 

200 

86.4 

9 

13 

1.44 

1.19* 

1000 

212 

91.6 

9 

19 

2.11 

1.77** 

1250 

176 

76.0 

8^ 

15 

1.88 

1.37 

1500 

82 

35.4 

89 

15 

1.88 

1.33 

1750 

32 

13.8 

9 

9 

1.00 

0.88 

2000 

13 

5.6 

9 

8 

0.89 

0.54 

*  Clonal  survival  assay  performed  concurrently  with  the  tranaformatlon  assay. 

Colony  survival  rslativa  to  the  solvent  control. 

®  The  mean  transforming  activity  is  expressed  as  the  anti-log  of  the  log^Q 


mean  minus  one. 

**  Solvent  Control*  EMEM  culture  medium  containing  0.25%  DMSO. 

*  Poaitive  Control*  The  poaitive  control  treatment  was  DMN  at  the 
concentrations  shown. 

^  Contaminated  culture  excluded. 

^  One  culture  not  scored  due  to  incomplete  monolayer. 

•  p  <  0.05. 

**  p  <  0.01. 

CONCLUSION 

CTFE  trimer  acid  was  evaluated  in  the  presence  and  absence  of  S9 
metabolic  activation  within  a  dose  range  of  100  to  2000  fjg/mL.  Two 
independent  trials  were  evaluated  under  each  activation  condition.  A  wide 
range  of  toxic  responses  was  obtained,  but  no  significant  dose-dependent 
changes  in  the  frequency  of  transformed  foci  were  observed  in  the  absence  or 
presence  of  S9  metabolic  activation.  CTFE  trimer  acid  was  therefore  evaluated 
as  negative  for  transforming  BALS/c-3T3  cells  in  culture. 
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APPSHDIZ  7-A 


ASSAY  ACCSPTAHCB  AMD  SVALUAIZON  CKZTEKIA 
Assay  Accaptancs  Criteria 

The  clonal  survival  assay  conducted  simultaneously  with  the 
transformation  assay  was  considered  acceptable  for  evaluation  of  the  test 
results  by  meeting  the  following  three  criteria. 

1.  The  negative  (solvent)  control  cultures  were  macroscopically  visible 
BALB/C-3T3  cell  colonies  representing  a  cloning  efficiency  of  15%  or 
greater . 

2.  At  least  one  of  the  teat  material  treatments  resulted  in  10%  to  50% 
cell  survival. 

3.  A  cytotoxic  dose  response  was  obtained  for  the  test  material 
treatments,  unless  the  test  material  was  nontoxic  at  10  mg/mL  or  its 
solubility  limit  in  culture  medium  was  exceeded. 

The  transformation  assay  was  considered  acceptable  for  evaluation  of 
test  results  by  meeting  the  following  five  criteria. 

1.  Negative  (solvent)  control,  positive  control,  and  test  material 
treatments  resulted  in  contiguous  monolayers  of  cells  to  be 
evaluated^ 

2.  Negative  control  spontaneous  frequencies  of  transformation  did  not 
exceed  an  average  of  approximately  two  foci  per  culture. 

3.  At  least  one  of  the  positive  control  treatments  resulted  in  an 
average  number  of  foci  per  culture  vessel  that  was  significantly 
different  from  the  negative  control  at  the  99%  confidence  level 

(p  S  0.01). 

4.  A  minimum  number  of  six  culture  vessels  per  test  condition  was 
available  for  analysis. 

5.  A  minimum  number  of  three  treatment  levels  of  the  test  material  was 
available  for  analysis. 

In  addition,  the  cytotoxicity  dose-related  data  from  the  preliminary  and 
simultaneous  clonal  survival  assays  were  qualitatively  similar  over  a 
comparable  range  of  test  chemical  treatments. 

Assay  Evaluation  Criteria 

The  appearance  of  transformed  foci  usually  occurs  as  a  general  increase 
in  foci  for  all  cultures  exposed  to  a  transforming  dose.  However,  large 
numbers  of  foci  may  appear  at  random  in  one  or  more  culture  vessels  in  a 
treatment  set,  resulting  in  skewing  of  the  mean  number  of  foci  in  that  set. 
This  skewing  could  be  caused  by  factors  such  as  mechanical  disruption  and 
respreading  of  transformed  foci  calls  or  a  culture-conditioning  effect  caused 
by  the  early  appearance  of  a  focus.  The  appearance  of  occasional  dishes  with 
numerous  foci  is  a  random  process  and  occurs  in  both  treated  and  control  call 
cultures.  In  our  laboratory,  wa  have  utilized  a  log^^Q  mathematical 
transformation  to  handle  this  non-normal  distribution  of  BALB/C-3T3  cell 


72 


transformed  foci  data  (Rundell  at  al.,  1983} ;  however,  other  mathematical 
models  have  also  been  proposed  (Hhorton  et  al.,  1982).  After  performing  a 
log^Q  transformation  of  the  data,  Bailey’s  modification  of  the  Student's 
t-test  (Bailey,  1959)  was  used  to  evaluate  positive  control  and  teat  chemical 
treatment  transforming  activity  for  significant  differences  from  the  negative 
control.  The  possible  spectrum  of  responses  was  routinely  subdivided  into 
three  levels  for  the  evaluation  of  each  treatment. 

Bvaluatlon  of  Individual  Treatments 

Strong  positive  response  -  p  s  0.01 
Weak  positive  response  >  p  S  0.05 
Negative  response  >  p  >  0.05 

The  results  of  each  treatment  condition  were  evaluated  in  relation  to 
the  observed  activities  of  model  compounds,  and  scientific  judgement  was 
exercised  in  the  evaluation  of  each  test  material. 

In  general,  a  response  at  only  one  dose  attaining  a  95%  confidence  level 
is  not  considered  sufficient  evidence  for  activity  in  this  assay.  However, 
responses  at  two  or  more  treatment  levels  attaining  the  95%  confidence  level 
and  exhibiting  evidence  of  a  dose  relationship  are  considered  as  evidence  for 
transformation.  Responses  achieving  the  99%  confidence  level  for  one  or  more 
test  material  treatments  are  usually  considered  sufficient  for  a  positive 
evaluation. 
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